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The Progress of Science 


Pax 


Last month a flag drooped at half-mast over the Luxem- 
bourg Palace; it was as though, said one writer, peace is 
either dead or dying. So ends the first year of the atomic 
age, a period that has very nearly seen the extirpation of 
optimism, realism, honesty and idealism from our earth. 
The last year has seen a decay in standards, both individual 
and collective, both moral and material, alongside which 
any picture by Salvador Dali looks sweet and wholesome. 

In this atomic age power politics has opened up the 
prospect of civilisation’s extinction. Are we to stand around 
like the chorus in the last act of a Greek tragedy and let 
that be the end of Homo sapiens—man, the creature who 
could scale the heights and achieve the glory of Beethoven’s 
music and Shakespeare's poetry, of Einstein’s mathematics 
and the art of Rembrandt—and the cool kindliness of the 
common man. We have said before and we repeat that it 
is not true that man cannot control his destiny. Man can 


' control it, unless he chooses to try to escape from it. 


We have said before and we repeat that the revelation 
of atomic power spells the end of the separate divisions of 
humanity into distinct nations with their potentiality for 
conflict—OR it spells the end of humanity. Some are busy 
at the moment trying to ignore that fact and to escape 
destiny. By advocating Pax Americana or Pax Sovietica 
some are trying to escape from reality, and indulgence in 
such escapism, let it be said, is of no higher order than that 
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worldly troubles and colonise the moon in the name of 
America or France, Britain or Russia. Any peace with 
a national label would be the peace of the crematorium. 
But there are, as ever, a few with the courage to hold 
their heads in the air. A few, like John Hersey, the young 
writer who took himself to Hiroshima, collected eye-witness 
accounts from six Japanese who survived the atomic 
bomb and returned to tell their story in a way that will 
convince the ordinary man of what the abuse of atomic 
power means as no previous description has succeeded in 
doing. More strength to Hersey, and more strength to the 
New Yorker and the newspapers and the. radio stations 
which have spread his report throughout America. If 


everybody could be made to read that report then the idea 
that safety can lie in the present fashionable attempts to 
escape from reality would be killed. 

Hersey is not alone. There are the atomic scientists 
of America and of Britain who are doing. their utmost, 
both collectively and individually, to make the world 
realise what the real challenge of our time is. It is up to 
the politicians to face the truth and rid themselves of 
the tangle of illusions upon which they are basing current 
policies. And in a democracy we are all politicians. 


Programme for Survival 


SECOND-HAND thinking is a luxury we can no longer 
afford in this atomic age, and one book which will provoke 
much-needed discussion in the opposite direction is Lewis 
Mumford’s Programme for Survival (Secker & Warburg, 
3s. 6d.). Much of it is written in the same spirit as Hersey’s 
report and One World of None, and that is scarcely 
Surprising since Mumford wants to shake into sensible 
thought and action those who are beginning to drop off 
to sleep, dormouse-fashion, murmuring “We are tired of 
hearing about atomic bombs.’* Mumford sees an invitation 
to catastrophe in **the continued rule of the complacent and 
the unawakened ones—most of our present leaders in 
politics, business and education.”’ With every justification 
he devotes many words to his attack on complacent half- 
measures. “Our thinking must be aS unsparing of our 
foibles and habits as the atomic bomb itself is unsparing 
of all the structures and organisms within its range of 
disintegration. This means that there is no part of our 
modern world that we must not be ready to scrap, if the 
need to scrap it is the price of mankind's safety and con- 
tinued development. Nothing is sacred but human life.” 
The words carry greater weight because Mumford is 
not an iconoclast. For that reason, too, it is interesting 
to hear what Mumford has to say about the proposal for a 
moratorium on scientific research. Mumford points out 
that if science was the main obstacle to mankind's con- 
tinued existence reasonable men would demolish science 
as readily as they would demolish a Congo fetish, but he 
comes to the heart of the matter with the comment that 
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catastrophe will be brought not by scientists but by 
politicians “if they remain fossilised and fixed, if they 
remain unimaginative, limited, brutish, if they continue auto- 
matically along the path on which they have been going.” 
Mumford, in fact, sees great hope if a substitute for the 
present infantile worship of the machine can be found by 
the further application of biological sciences to the arts 
of life. Without that counterweight he thinks that our 
political and moral devices might prove too feeble to move 
the world. He also sees hope in the superb response of the 
physical scientists to the human threat of their most 
significant single advance in science and technics. *‘Over- 
night, as it were, the recluses of the laboratory have become 
citizens: world citizens, morally awake and active, serving 
their country best by thinking first of humanity.” 

This is one of the very few documents about the present 
crisis in human affairs that must be read. 


Chemistry and Classification 


THE branches of science where the most exciting advances 
are being made are the ones most likely to attract new 
recruits, and not infrequently this happens at the expense of 
branches which are already making relatively slower 
progress, with the result that the less dynamic character 
of the latter is still further exaggerated. In biology, for 
instance, the development of the experimental branches 
like genetics, physiology and biochemistry has somewhat 
eclipsed taxonomic work, and today, in Britain at least, 
there is a shortage of experts who are qualified in the classi- 
fication and identification of plants and animals. There is, 
moreover, little prospect that our taxonomists will receive 
the reinforcements they so badly need. With a basic 
branch of biology like taxonomy this becomes a serious 
matter not only from the point of view of taxonomy but 
also for practically all the other branches of biology. In 
few fields can a biologist get very far without accurate 
identification of the plant or animal material he works on, 
and it is already possible to find papers written about 
ecological investigations which are rendered almost 
valueless because little trust can be placed upon the names 
given to the species recorded in them. 

Not only pure biology but also economic biology will be 
affected by the present dearth of taxonomists. The econo- 
mic implications that arise from a shortage of these experts 
can quickly be appreciated if one thinks over the remark 
Sir Edward Salisbury made at the Empire Scientific 
Conference: ““You wouldn't have had penicillin without 
being able to distinguish the rare Penicillium notatum (the 
mould species upon which production of the drug used 
to depend) from the common Penicillium glaucum.” The 
same sort of basic knowledge is an essential pre-requisite 
to the breeding of better varieties of crop plants. 

Looked at from ancther point of view the advances made 
outside taxonomy can be seen to have helped taxonomy to 
advance. The embryologist and the geneticist, for example, 
have provided information that helps the taxonomist in his 
attempt to perfect classification and make it a reflection of 
the course of evolution as well as a method of identifying 
and cataloguing species. Classification of plants and 
animals is based primarily on structural differences so that 
at first it might appear that the biochemist can shed but 
little light on problems of classification. But structure is 
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the gross expression of the results of physiological and 
biochemical processes. Biochemical differences are obvious 
among the bacteria, and are used for identification purposes. 
Readers will have encountered the terms ‘Gram positive’ and 
‘Gram negative’ applied to bacteria, and this distinction is 
fundamentally a biochemical distinction. To test which 
groupa particular organism falls into the bacteria are treated 
with a dye called methyl violet, and then washed with iodine, 
followed by acetone or alcohol. Those that hold the stain 
after this procedure are called “Gram positive’, those that 
do not are called “Gram negative’. This biochemical test 
is useful in the identification of bacteria. 

But biochemical differences have received little atten- 
tion in the higher groups. Some interesting examples of 
the introduction of chemical methods into biological 
classification were, however, given recently by Dr. E. B. 
Ford of Oxford University in his book entitled Butterflies 
(published in Collins’s New Naturalist series). 

One example concerns the British butterfly known as the 
Wood White. The layman looking at a specimen of this 
species would almost almost certainly think that it must 
be related to the Large White and the Small White which 
frequent his cabbage patch. To an extent he would be 
right; these three butterflies do fall into the same family, 
but on the other hand the nearest relatives to the Wood 
White are not the British ‘Whites’ of the sub-family 
Pierinae but certain Central and South American butterflies 
of a different sub-family called Dismorphiinae. The tax- 
onomists decided that this relationship was the correct one 
on the ground of similarities in structure, notably in the 
arrangement of veins on the wings. In view of the great 
difference in geographical range between the Wood White 
and its American cousins this was a bold step to take. But 
a study of the chemical nature of the pigments present in 
these butterflies provided confirmation of the relationship. 
The wing of a Wood White turns yellow when exposed to 
ammonia fumes, an indication that the wing scales contain 
a kind of pigment known as a flavone. Flavone pigment is 
also found in most of the American butterflies to which the 
taxonomists considered the Wood White is related, whereas 
there is no flavone in the Whites. 

Another interesting biochemical discovery with a bearing 
on taxonomy is that the members of the family NymphAali- 
dae (to which belong the fritillaries tortoiseshells, admirals, 
purple emperors and the peacock butterfly) all contain a 
kind of red pigment not found in any other family. 

In a recent letter to Nature (1946, Vol. 157, p. 511) 
Professor H. Munro Fox of Bedford College gave some 
other instances where chemical evidence has helped in 
soving a problem of classification. In the genus of water- 
flea known as Daphnia there has long been difficulty in 
deciding whether two forms were in fact different species or 
merely varieties of the same species. Recently a structural 
difference was found which supported the view that they 
are separate species, and since that time confirmation has 
come from the discovery (made with the spectroscope) that 
there is a clear-cut chemical difference between the 
haemoglobin that colours the blood in the two forms. 
Difficult to identify are certain British species of the genus 
of marine worms known as Sabella, which live in the sand 
and build leathery tubes. Here again the spectroscope 
showed differences in the respiratory pigment present in the 
different species. 
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This Atomic Age 


The Canadian authorities are somewhat naively 
surprised at the success of the Russians in gaining 
willing co-operation from _ respectable Canadian 
scientists and experts. They would have under- 
stood if money had been the motive, since most 
spies work for money. But these scientists (who 
sometimes took a little money), were prepared to 
work for the U.S.S.R. for ideological reasons, and this 
upsets the authorities very much indeed. Even now 
national governments have not understood how 
deeply the nationalist monopoly of atomic research 
Outrages scientists with an international mind.— 
New Statesman. 


*x * * 


UNESCO wiil be a success if the governments who 
support it do so in response to vocal popular 
demands.—FPilot Papers. 


Today I tried to telephone the United Nations 
Educational, Scientific and Cultural Organisation in 
Belgrave Square. I dialled DIR and listened to the 
ringing tone for three minutes, when the operator 
answered. 





The reply was surprising. The number of this 
organisation, which has for the past nine months 
been entirely financed by the British taxpayer and 
which is spending at the rate of nearly £10,000 a 
year on its press and public relations services, is 
listed as a secret number not to be given to the 
public.—‘*Londoner’s Diary’, Evening Standard. 

” *x + 


The United States has now manufactured enough 
atomic bombs to destroy all the cities and manu- 
facturing centres of any single country in the world. 
—News Chronicle. 


Fearful of being hoist with their own petard, 
U.S. scientists and military men who developed the 
atomic bomb have begun to seek a haven where no 
other power’s atomic bombs can penetrate. There 
was Only one direction they could go—down. This 
week, from Carlsbad, N.M., to Howe Caverns, N.Y.., 
experts of the “underground sites committee”’ were 
set to go peering around stalactites and stalagmites 
in search of impregnable hideaways, for communica- 
tion centres, factories and aircraft hangars. Else- 
where, they would have to dig their own caves.— 
Time. 











Research in Education 


RECENTLY there have been some hopeful signs that the 
need for more research in education is being recognised. 
In 1942 a Foundation for Educational Research was 
established, and this prepared the way for a National 
Foundation for Educational Research in England and 
Wales which has now been set up with the support of the 
Ministry of Education, the local educational authorities, 
universities, teachers and others. Under the new Educa- 
tion Act the Ministry of Education and the local education 
authorities have been given power to conduct research and 
to aid research both by individuals and organisations. 
With this development a vital question arises as to who 
can best carry on educational research. It is obvious that 
some full-time research workers in universities and special 
institutions are required, but M. L. Jacks in his book 
Total Education has expressed his fear of “a growing 
aloofness in research work, a progressive divorce between 
research and teaching and a loss of contact between the 
researcher and those engaged in the occupations which 
often form the raw material of research.”’ An intimate 
contact with all types of schools is necessary for many 
fields of research. Professor Oliver in his new book 
Research in Education (London, Allen & Unwin, 1946; 
60 pp., Ss.) shows himself fully aware of this need and 
makes a big plea that every teacher is a potential research 
worker and can contribute to a better knowledge of 
education. Oliver says “‘the essence of education is the 
contact of the teacher’s mind and the learner’s mind.” 
The teacher’s opportunity for studying the basic problems 
of education is a unique one. There is need both for 
individual research by teachers and also for co-operative 


efforts by groups of teachers interested in similar problems. 
Professor Oliver reviews the many problems of education 
that require study, dividing them into the two main 
fields of ‘the educational guidance of children’ and ‘the 
curriculum and methods of teaching’. He then deals with 
the methods of studying the problems which involve the 
collection of data and its treatment by elementary statistical 
methods. The keynote of his book throughout is that ‘the 
less familiar methods of educational research are merely 
elaborations or refinements of the teacher’s normal pro- 
cedures’, and most teachers, if they will, can make a 
contribution to educational research. 

In its recognition of the great part the working teacher 
can play this book performs a vital role. The fact that 
Professor Oliver is on the Advisory Council of the new 
National Foundation for Educational Research leads one 
to hope that this organisation will give impetus, direction 
and encouragement to the efforts of teachers. Professor 
Oliver says that the Foundation has extended invitations 
to teachers to take part in ‘combined operations’ and will 
disseminate information about research in education and 
will probably facilitate the publication of the results of 
research. 

It is to be hoped that the Foundation will not 
consider it sufficient merely to rely on the initiative of the 
individual or group of teachers. It is necessary for the 
Foundation to formulate the major lines of research where 
immediate work is required and to take active steps to 
draw teachers into these fields and to provide both 
incentives and opportunities which will make them feel 
that they can contribute their share to a major endeavour. 
Such central drive allied with local work can quickly raise 
the whole level of educational research in the country. 


Supra-national government is a long way off, and international 
politics continue to be largely power politics between nations. 

National power is made up of a number of interacting factors; 

the importance of two of these, ‘Manpower’ and ‘Industrial 
Power’, is everywhere recognised and is frequently discussed. 

This article is devoted to the subject of ‘Scientific Power’, 
which has received relatively little attention in spite of the vital 
part it plays, though one scientific society did adopt the motto, 
‘Science is Power’, a long time ago. The author of this article 
was trained and practised as a chemical engineer and worked 
for a period at the Collége de France. He holds the degree of 
Licencié-€s-sciences. Today he contributes a regular com- 
mentary on politico-economic issues to La France Libre. 


Science and Political Power 





E. M. FRIEDWALD 


Few political concepts are more difficult to define of 
interpret than that of political power. For, besides con- 
crete elements and statistical facts, there is much in it that 
is abstract, and much that is born of historical prejudices 
and psychological suggestions. All is not logic in the life 
of nations, and it would be futile to draw a balance-sheet 
of political power on the purely mathematical basis of demo- 
graphic strength, geographical conditions, and economic 
potential. National character, social structure, diplomatic 
ability, system of government, even the purely subjective 
opinion nations have of themselves or of other nations, all 
these, though they cannot be measured statistically, are 
nevertheless powerful forces which have upset and will 
continue to upset political calculations based on objective 
facts. Yet the heroism and resignation, the wisdom and 
folly of nations, have their limits set by material possi- 
bilities; and with the tremendous progress of material 
civilisation in the course of the last fifty years these limits 
have become ever narrower. The First World War revealed 
the overriding importance of economic potential as a 
factor of power. The Second World War has brought to 
light another factor which is already dominating the 
political stage: the scientific factor. 

Yet science as a social and political influence is not a 
new phenomenon. Indeed, as Sir John Seeley pointed out 
more than sixty years ago, the progress of science might 
be held to be the principal factor in civilisation throughout 
the ages. And as for the application of scientific knowledge 
to war it may be said that, notwithstanding popular belief, 
science in the past was even more exclusively a warlike 
activity than it appears to be today. In fact, since the 
earliest times up to the Industrial Revolution the main 
motive and aim of science was to meet the needs of war, 
and the word ‘engineer’ originally meant military tech- 
nician. Mathematics was held in great esteem by the 
Greeks mainly because of its military applications, and 
the great scientist of antiquity, Archimedes, was, before 
all, a military inventor. 

The classical example which illustrates the contribution 
of military research to science is the discovery of gun- 
powder at th. end of the Middle Ages. It led to investiga- 
tions into the nature of combustion, the properties of gases, 
the composition of metals, and to the study of ballistics. 
The iron foundry and the steam engine owed their origin 
to investigations connected with the development of 
artillery. The great scientists were first and foremost 











war technicians, and could only justify their scientific work 
by their military usefulness. Leonardo da Vinci, when 
applying for a post with the Duke of Milan, described 
himself at great length as a military inventor and engineer, 
adding only as an afterthought that he could compete 
with anyone in architecture, construction of monuments, 
and building of canals, and could paint as well as anyone 
else. Galileo was professor of military science at the 
University of Pavia, Lavoisier director of the Paris Arsenal. 
Lagrange became professor at the Artillery School at 
Turin at the age of 18, Laplace was made professor of the 
Paris Ecole Militaire when he was 22, and Monge invented 
descriptive geometry while a pupil at the Military School 
at Mézieres. It was from that same school that the 
mathematician Lazare Carnot, “‘l’organisateur de la 
victoire’ of the Revolution, graduated as a_ second 
lieutenant. The Ecole Polytechnique in Paris, which was 
the first school of applied science in the world, was 
primarily a military school. 

Even the biological sciences, at first glance seemingly 
remote from military affairs, owe not a little of their 
advance to the necessities and opportunities presented by 
war. The development of penicillin and synthetic anti- 
malarials (whose biological aspects are at least as important 
as their chemical) are recent examples of this. Equally 
Striking instances abounded in the past. Very valuable 
ideas on public hygiene and preventive medicine, for 
example, were derived from the observations of army and 
naval surgeons; this connexion is partly explained by the 
fact that governments want efficient armed forces and the 
closest attention must be paid to health which is clearly 
a factor limiting that efficiency, partly because controlled 
experiments are easier to carry out under conditions of 
Strict military discipline than in civilian life. The classical 
discovery that scurvy could be prevented and cured 
dietetically was made (in 1747) by a naval surgeon, Lind, 
and it was a signpost pointing to the study of deficiency 
diseases and vitamin research. Eijkmann, who shared with 
Gowland Hopkins the first Nobel prize awarded for 
vitamin research, was an army doctor. It is significant 
and no mere coincidence that key discoveries on malaria, 
yellow fever, the physiology of digestion and the all 
important invention of the stethoscope were made by army 
doctors—Laveran and Ross; Walter Reed; Beaumont; 
Laennec. Progress in surgery was bound to be fastest 
under the stress of war; as Dr. Douglas Guthrie says, 
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‘The first surgeons in history were 
doubtless military surgeons. The 
battlefield has always been a training 
ground for surgeons.” 

In fact it would be no exaggeration 
to say that until the end of the 
eighteenth century science was more 
often than not a by-product of 
military research, and that the great 
scientists were first and foremost mili- 
tary technicians. Euclid, Copernicus, 
Descartes, and Newton are exceptions 
which prove the rule. 

It was only with the advent of the 
industrial revolution that science 
began to lose this nearly exclusively 
warlike character, and to assume, 
little by little, economic and social 
aspects. The Industrial Revolution, 
which had been made possible by 
the progress of science, in its turn 
stimulated that progress which re- 
sulted in a further acceleration of 
industrial development. Thus science 
and industry grew together, stimu- 
lating each other. It was not long 
before industry became a source— 
the main source—of armaments, and 
industrial power a decisive element 
of political power. But as industrial 
development depends to a large 
extent on scientific progress, scientific 
ability became virtually a pillar of 
political power. This development, 
however, was not grasped by the 
statesmen of the nineteenth century 
for two reasons. First, during the 
hundred years that followed Waterloo 
there was no major war between the 
great powers, with the exception 
of the Franco-Prussian War of 1870, 
and this was too brief for industrial 
power to come into full play. 
Secondly, while the relation between 
political power and industrial power —- '- 1688 
was little recognised, even less so 
was the interdependence of science 
and industry, particularly in Britain 
and France. Only Germany had any 
idea of the importance of science in 
the modern state. The German scientist was accorded a 
social position far above that of his English and French 
colleague. In contrast to the latter he worked in close touch 
with industry, and with an eye on technical applications. 
Asa result, Germany on the eve of 1914 not only had more 
Scientists than any other nation, but her scientists were 
more conversant with the needs and limitations of modern 
industry than those of other countries. 

Indeed the German achievements in the war (such as 
the synthesis of ammonia, the introduction of poison gas) 
first brought home to every country the vital importance of 
science in modern warfare. The Allies had to improvise in 
the midst of the struggle. Thus was born the Department 
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For centuries scientific progress was slow; it began to accelerate rapidly 

at the beginning of the nineteenth century. This is reflected in the graph 

above, which shows the growth in the world’s available horse-power. 
(From ‘Pilot Papers’’ No. 1, by courtesy of Pilot Press.) 


of Scientific and Industrial Research in Britain, and the 
National Research Council in the U.S.A. But this came 
after Moseley, who might have become the equal of 
Rutherford, had been allowed to volunteer for the Army 
and get himself killed in the Dardanelles. 

But on the whole the First World War was much more 
an industrial than a scientific enterprise, a contest between 
technicians rather than scientists. It was not until the 
Second World War that science came into full play. No 
Moseleys were sent to the front this time; from the outset 
scientists were mobilised in their laboratories; and right 
from the beginning science assumed a decisive strategic 
importance. Without radar both the Battle of Britain and 
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World War II became increasingly a battle of wits between the scientists of the opposing nations. The of birth 
strategic importance of science was brought home to the general public through such scientific achievements 
" as radar and the atomic bomb. Grout 
the Battle of the Atlantic might have been lost. The war It is therefore not without interest to consider the distri- 
ended with radio-controlled rockets, pilotless aircraft, bution of scientific power in the world of today. Obviously 
aircraft approaching the speed of sound, shells and tor- such a review must be confined to those branches of science 
pedoes which could find their own targets, and, finally, which have a direct and immediate bearing on political 
the atom bombs and the prospect of chemical and bacterio- power. That means in the first place physics and chemistry, 
logical warfare. While it is true that in the past science which are the basis of industry and of modern armaments. | Germans 
was relatively more warlike in purpose than it is today, the Yet in view of the potentialities of bacteriological weapons | British 
fact remains nevertheless that absolutely its destructive biology cannot be ignored, even though its political impact | America 
power has been multiplied ad libitum. For centuries the is more remote and less direct. Now it is not easy to find} French 
graph of scientific progress was nearly horizontal; at the a yard-stick by which to measure scientific ability. Obvi-} Dutch 
beginning of the nineteenth century it began to rise sharply, ously, neither the number of scientists or of laboratories in} Austrian: 
and since the end of the nineteenth century it has been rising a country, nor the expenditure on scientific research, not} Swedes 
almost vertically. Today even a minor scientific improve- even the volume of scientific publication, could provide such} Danish 
ment may have political results out of proportion to its a yard-stick. There is, however, one way of getting 2} Swiss 
intrinsic value; while a major discovery like that of atomic fairly good impression of the advance made by different} Italians 
energy puts the whole art of war in a state of flux, and nations in just these three branches of science: it is pro-| Russians 
dominates the life of nations. vided by the study of the list of Nobel prize winners.| Canadian 
In fact, we have reached a stage where the scientific It would no doubt be foolish to attempt to draw from} Belgians 
ability of nations has become a major factor of political conclusions of mathematical accuracy; but it does provide} Hungaria 
power. A vast area, a good strategic position, ample a fairly good indication of what is, after all, the only} Finns 
manpower, even a great industrial potential, all these possible criterion of scientific power, and that is tht} Spaniard: 
together do not make a Great Power of 1946, unless actual achievements in the realm of physics and chemistry, | Indians 
‘manpower’ and ‘industrial power’ are accompanied by and, to a lesser extent, in that of physiology and medicine. 


what may perhaps best be termed ‘scientific power’. The strict impartiality which has governed the award 
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The left-hand curve shows the increasing destructive power of military explosives; it resembles that for power 

resources on p. 295. The unit of destructive power is the brisbance unit: on tha¢ scale gunpowder has a power of 

five units and TNT is about 325. The atomic bomb is right off the graph: the physical damage done at Hiroshima 

has been given as the equivalent of 400 tons of H.E. plus 1200 tons of incendiary bombs and 500 tons of anti- 

personnel fragmentation bombs, the load of 210 Superfortresses. On the right is a smoothed graph showing the 
rapid rise in aircraft speeds. 


since their inception in 1901 makes the judgments of the 
Swedish Academy of Science all the more authoritative. 

In deciding the nationality of the Nobel prize winners, 
in doubtful cases weight has been given to the country of 
scientific formation and career rather than to the country 
of birth or adoption. 


Grouping by nationalities gives the following table: 














| | . | Physics  Physio- 
Physics — and logy and Total 
y ne 

| Chem. Medicine 
Germans 12 17 29 9 38 
British 10 6 16 9 25 
Americans 7 3 10 7 17 
French 7 6 13 4 17 
Dutch 4 2 6 2 8 
Austrians 3 | 4 3 7 
Swedes 2 3 5 l 6 
Danish i — | 4 5 
Swiss — 3 3 l 4 
Italians 2 2 l 3 
Russians — — — 2 2 
Canadians —_ — — 2 Z 
Belgians _ _— — 2 2 
Hungarians — l l 2 
Finns — | — l 
Spaniards _ _ — l I 
Indians | — l — | 

49 43 92 49 141 





Several broad features emerge strikingly from this table. 
The first, that the great scientific achievements have been 
up till now a virtual monopoly of what is known as 
Western civilisation. The second is the overwhelming 
part played by Western Europe, which has provided nearly 
four-fifths of the total. The third is the relatively modest 
share of the United States, though a more careful scrutiny 
would show the rapid rise of American science in the last 
dozen years. Finally, the fourth striking feature is the 
complete absence of Russia from the all-important 
branches of physics and chemistry, and only two awards 
in physiology and medicine. 

Now these contrasts are easily explained by social and 
historical causes. Modern science is closely related to 
industrialism; and Western Europe was the birthplace 
of modern industry. There science and industry grew 
together almost unconsciously. In the United States, 
where industry started to develop only after the Civil War, 
science is still a young though fast-growing plant. In 
Russia, where industry began to develop only twenty years 
ago, science is still in the bud; the same applies to other 
newly industrialised countries. 

As for Western Europe, the seemingly outstanding posi- 
tion of Germany in comparison with Britain and France 
appears much less striking if one takes into account the 
populations. Judged on this basis, the contribution of the 
small countries—Holland, Sweden, Austria, Denmark and 
Switzerland—is larger than that of any other country. 
Nevertheless, the fact remains that, absolutely, German 
science led the world, especially in the fifty years prior to 
the advent of Hitler. The reason for this predominance is 
to be found in the fact that Germany was the first country 
to recognise science as an activity of national importance, 
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NOBEL PRIZE WINNERS (1901-1945) 
Physics Chemistry Physiology and Medicine 
1901 W. C. Roentgen (G) J. H. vant Hoff (D) E. v. Behring (G) 
1902 H.A. Lorentz (D), P. Zeeman (D) E. Fischer (G) R. Ross (B) 
1903 | H. Becquerel (F), P. Curie (F), S. Arrhenius (S) N. R. Finsen (Da) 
Marie Curie (F)' 
1904 Lord J. W. S. Rayleigh (B) W. Ramsay (B) I. P. Pavlov (R) 
1905 | P. Lenard (G) A. v. Bayer (G) R. Koch (G) 
1906 J.J. Thomson (B) H. Moissan (F) C. Golgi (I), S. R. y Cajal (Sp) 
1907 | A. A. Michelson (A)? E. Buchner (G) C. L. A. Laveran (F) 
1908  G. Lippmann (F) E. Rutherford (B) P. Ehrlich (G), E. Mechnikov (R) 
1909 F. Braun (G), G. Marconi (1) W. Ostwald (G) T. Kocher (Sw) 
1910 J.D. van der Waals (D) O. Wallach (G) A. Kossel (G) 
1911 W. Wien (G) Marie Curie (F)! A. Gullstrand (S) 
1912 G. Dalén (S) V. Grignard (F), P. Sabatier (F) A. Carrel (F) 
1913 H. Kamerlingh Onnes (D) A. Werner (Sw) C. Richet (F) 
1914 M.v. Laue (G) T. W. Richards (A) R. Barany (Au) 
1915 W.H. Bragg (B), W. L. Bragg (B) R. Willstaetter (G) —_—_—_— 
1916 a beeen ee 
1917 C. G. Barkla (B) — —_——— 
1918 M. Planck (G) F. Haber (G) —_—_—_— 
1919 | J. Stark (G) —— J. Bordet (Be) 
1920 C. E. Guillaume (F)° W. Nernst (G) A. Krogh (Da) 
1921 A. Einstein (G) F. Soddy (B) saan 
1922 N. Bohr (Da) F. W. Aston (B) A. Hill (B), O. Meyerhof (G) 
1923 R. A. Millikan (A) F. Pregl (Au) F.G. Banting (C), J. R. Macleod?! (C) 
1924 > M.Siegbahn(S) 2. W. E. Einthoven (D) a 
1925 J. Franck (G), G. Hertz (G) R. Zsigmondy (G)* - + - 
1926 J. Perrin (F) T. Svedberg (S) J. Fibiger (Da) bing 
1927 A.H. Compton (A), C. T. R. Wilson(B) H. Wieland (G) J. Wagner-Jauregg (Au) the d 
1928  O. W. Richardson (B) A. Windaus (G) C. Nicolle (F) ens 
1929 L. de Broglie (F) H. v. Euler-Chelpin (S)°, A. Harden (B) C. Eijkman(D), F. G. Hopkins (B) 
1930 C. V. Raman (In) H. Fischer (G) K. Landsteiner (Au) 
1931 a F. Bergius (G), K. Bosch (G) O. Warburg (G) 
1932 W. Heisenberg (G) I. Langmuir (A) C.S.Sherrington (B), E. D. Adrian (B) 
1933 P. A. M. Dirac (B), E. Schroedinger (Au)® —-— T. H. Morgan (A) 
1934 —-—— H. C. Urey (A) G. Minot (A), W. Murphy (A), 
G. Whipple (A) 
1935 J. Chadwick (B) F. Joliot (F), I. Joliot-Curie (F) H. Spemann (G) 
1936 V. F. Hess (Au), C. D. Anderson (A) P. Debye (D) Sir H. H. Dale (B), O. Loewi (G) 
1937 C. J. Davisson (A), G. P. Thompson (B) W. N. Haworth (B), P. Karrer (Sw) A. v. Szent-Gyorgyi (H) 
1938 E. Fermi (I) R. Kuhn (G) C. Heymans (Be) 
1939 E. O. Lawrence (A) A. F. Butenandt (G), L. Ruzicka (Sw)’ G. Domagk (G) 
1940- 
1942 —-— — ae 
1943 O. Stern (G)* G. Hevesy (H) H. Dam (Da), E. A. Doisy (A) 
1944 I. I. Rabi (A)? QO. Hahn (G) E. J. Erlanger (A), H. S. Gasser (A) 
1945 W. Pauli (Au) A. Virtanen (Fi) | Sir A. Fleming (B), Sir H. Florey (B), 
E. B. Chain (B)'°® 
A = American H Hungarian ! Polish-born 
_ Au = Austrian I = Italian 2 Polish-born 
B = British In = Indian 3 Swiss-born 
Be = Belgian R = Russian * Hungarian-born 
C = Canadian S = Swedish > German-born 
D = Dutch Sp Spanish § In Britain and Eire since 1933 
Da = Danish Sw = Swiss * Of Serbian origin 
F = French ® Refugee in U.S.A. since 1933 
Fi = Finnish ® German-born 
G = German 1° Russian-born 
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model to the world of what the relationship between pure 
and applied science should be. The modern scientific 
Press is essentially a German achievement. In all these 
respects Germany was far ahead of Britain and France. 
But she began to lose her lead rapidly when she embraced 
a faith which not only was the negation of principles 
which have guided science through the ages, but drove 


and to act accordingly; just as the decline of French science 
(which up to the middle of the nineteenth century was lead- 
ing the world) is explained by the indifference it met with 
from State and industry. German science is actually younger 
than either British or French. It owes its origin to Frederick 
the Great, who literally imported science and scientists, 





mainly from France. But, in marked contrast to the 

British and French industry, the German industry was hundreds of scientists into exile, among them Einstein, Max 

created and expanded by scientists and _ technicians. Haber and Schroedinger. The Nobel statistics beaf theore: 

From the beginning it displayed a keen interest in scien- eloquent witness to this decline. In her scientific heyday, hg 
act o 





tific research. The Kaiser Wilhelm Institutes have been a between 1918 and 1933, Germany had 15 Nobel priz 
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The four men whose portraits appear on this page symbolise 
the decline of German science under the Nazis. Einstein, the 
greatest physicist since Newton, was forced into exile. (Photo- 


opkins (B) graph from March of Time film, **Atomic Power’’.) 
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em Einstein, Max Planck, whose quantum theory revolutionised 
atistics beat theoretical physics, remained in Germany under the Nazis, 
tific heyday, to whom, however, he was openly antagonistic. A typical 


i2e act of defiance was the celebration he organised during 
Nobel pri World War II in memory of Haber. 


Fritz Haber served the Fatherland well in World War I: his 

synthetic ammonia process, in full production by 1914, made 

Germany independent of nitrate imports. Yet he chose 
voluntary exile rather than help the Nazis. 


Some German scientists were prepared to destroy their own 
reputations by supporting an essentially anti-scientific regime. 
Professor Johannes Stark, who won a Nobel Prize for 
physics in 1919, became a leader of Nazi ‘science’. He is 
chiefly remembered for his bitter anti-Semitism. 
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winners in physics and chemistry, as against 6 for the 
British and 3 for the Americans. Since 1934 she has had 
5 prize winners, against 4 for the British and 5 for the 
Americans. 

But these figures, besides illustrating the decline of 
Germany, also draw attention to the rise of the United 
States. American science, though of recent origin, has 
developed rapidly. It was perhaps because the American 
mind was not blunted by a long scientific tradition that it 
embraced science with an enthusiasm which, allied to the 
inventive spirit born of shortage of manpower, made up to 
a large extent for lack of experience. Science in America 
followed fairly closely on the lines of British and German 
schools. The Rockefeller, Carnegie, and Guggenheim 
Foundations bear witness to the interest American 
industry took in scientific research from the beginning. 
In fact, science and industry were even more closely linked 
there than in Germany. Before the war the United States 
spent ten times more on scientific research than either 
Germany or Great Britain. This intensive cultivation of 
science could not fail to yield a rich harvest. Six out of 
the ten Nobel prizes for physics and chemistry and six 
out of the seven prizes for physiology and medicine held by 
Americans have been awarded in the last thirteen years. 
Today American science leads the world, though not yet 
by anything like the margin Germany held twenty-five 
years ago. 

Judging by Nobel prize awards, Britain’s record has 
remained high and remarkably steady, as is shown in the 
following table: 





Nobel prize winners in: 





Period Physics and Chem. Pay siology and 
| Medicine 
1901-1915 6 l 
1916-1930 6 2 
1931-1945 _ 4 6 








There is, on the contrary, a marked decline in France, 
dating from the first World War. In the short period of the 
thirteen years before 1914 France had 8 prize winners for 
physics and chemistry, and 3 for physiology and medicine; 
while in the next 32 years, the corresponding figures were 
5 and 1 respectively. It is true that the French scientist had 
to endure proverbially niggardly conditions both at home 
and at the laboratory. It has often been said that the great 
French scientific achievements were made in spite of the 
difficulties with which the French scientist had to contend 
(vide Pasteur, Curie). 

No such difficulties confront the scientist in present-day 
Russia. Science in Russia was born practically with the 
Revolution. For in spite of the efforts of Catherine the 
Great who did her best to emulate Frederick, science had 
never really taken root in Russia, mainly because there was 
always a suspicion of liberalism about it. One of the great- 
est scientists of the nineteenth century, Mendeleyev, had 
honours showered upon him by every country—except his 
own, where they were denied him merely because he was 
liberal and feminist. With very few exceptions, science 
under the Tsars was an imported product, mainly of 
French and German origin. The Revolution opened up 
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entirely different prospects. Indeed Marxism always laid 
great stress on the fundamental role which science should 
play in social organisation, and one of the first tasks which 
Lenin set the new State was the creation of a Soviet science, 
Nowhere else is there to be found such intense cultivaton 
of science as in Russia of today. It amounts almost to a 
glorification, and the Russian scientist enjoys in many 
respects a specially privileged position. Relative to its 
national income, the Soviet Union spends more on scien- 
tific research than any other country. Teaching of science 
has top priority in secondary schools in the Soviet Union. 
Yet a high standard of scientific thought cannot be 
improvised in a few years. It took the Americans more than 
two generations of effort to build up an American science. 
And it will be at least as long before Russian science is in a 
position to compete with that of the West. 

In fact, the scientific world of today, in the sense of 
scientific fertility, is practically confined to Western 
Europe and the United States. It is there that nearly all 
the fundamental discoveries and technical applications 
have originated. Of the Big Three, two only wield scientific 
power. For, until the Soviet efforts bear fruit, science will 
remain the weak link in an otherwise strong chain; the 
latest five-year plan does not attempt to hide the necessity 
of Russia’s catching up with the scientific achievements 
outside the U.S.S.R. 

But there is no doubt that Western Europe has lost the 
monopoly of science she enjoyed for so long, especially 
now that not even a guess can be hazarded as to the future 
of Germany. It seems odd that the country of Descartes and 
and Lagrange, of Laplace and Poincaré has produced only 
one great theorist of the Scientific Revolution, Prince Louis 
de Broglie. Again, Britain has only produced one, Dirac. 
It is true that English science has always had a predomin- 
antly empiric and practical character. As Professor 
Bernal once pointed out, of the three great British theorists 
only one, Newton, was English; Maxwell was Scottish, and 
Dirac is of French extraction. The great British scientists 
of the last two generations (Rutherford in particular) 
were primarily men of experimental genius, men whose 
imagination was concrete and full of common sense. Such 
a disposition was particularly fortunate at a time when 
scientific progress consisted mainly of experimentation. 
It is less so today when theoretic speculation determines 
to a large extent the advance of physics and chemistry. 

It was Germany who displayed the greatest versatility in 
the last fifty years. She was able to produce not only those 
giants of theory, Planck and Einstein, and a theorist of 
the stature of Heisenberg, but also experimentalists of the 
calibre of Haber and von Laue. So far the Americans 
have distinguished themselves mainly in the field of 
scientific technique. But they were the first to break the 
monopoly of Western Europe. With the spread of indus- 
tries to previously backward regions other countries, 
Russia first, are bound to follow suit. 

Yet Western Europe, though she cannot hope to regain 
her monopoly, can maintain for a long time to come a 
predominant position in the scientific world. For her long 
tradition and experience, which need generations to mature, 
go far towards offsetting her inferiority of material 
resources in comparison with the American and Russian 
colossi. But only on one condition; and that is to accept 
the fundamental fact that science has ceased to be the 

[ Contd. on p. 320 
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By arrangement with our French contemporary, Atomes, we are reprinting the 
portion of Dr. Kowarski’s article dealing with atomic piles from the July issue 
of Atomes. Dr. Kowarski is a Polish scientist who was working in Prof. Joliot’s 
laboratory before the war. In 1939 he participated in experiments which sug- 
gested the possibility of a nuclear chain reaction. In 1940 he and Dr. Halban 
came to Britain, bringing with them almost the whole of the world’s stock of 
heavy water, which the French Government had purchased from the Norsk 
Hydro Company just before Norway was invaded. By December 1940 Dr. 
Kowarski and Dr. Halban, working in the Cavendish Laboratory, had produced 
strong evidence that in a system composed of uranium oxide or uranium metal 
with heavy water as a moderator or ‘slowing down’ agent a slow neutron fission 
chain reaction would be realised if the system were sufficiently large. 

The first chain-reacting pile was built, using graphite, not heavy water as 
the moderator, at the University of Chicago in the latter half of 1942; it 
was first operated in December of that year. Slow-neutron research continued 
in Canada under the direction of Dr. Halban, and during the spring of 1944 
these investigations, proceeding at Montreal, became a joint British-Canadian- 
American enterprise. Eventually a heavy-water pile came into operation at 
Petawawa, Ontario. After his return to France from Canada, Dr. Kowarski was 
appointed head of the section of the Commissariat a l’Energie Atomique 





dealing with physical and technological aspects of atomic energy production. 


Atomic Piles 





DR. L. KOWARSKI 


ORDINARY uranium metal (a mixture of the three uranium 
isotopes U 234, U 235, U 238) when coupled with the correct 
proportion of either pure graphite or heavy water behaves 
similarly in many respects to U 235. In both cases we 
have a critical mass below which there will be no propaga- 
tion of a chain reaction; when this mass is exceeded 
the chain reaction proceeds inevitably. In both cases the 
energy liberated by the annihilation of matter and the 
final products of this destruction are the same. But there 
is One important difference. 

In the case of U 235 the chain reaction depends on 
neutrons travelling at high speed. In the other case the 
average speed of neutrons is many thousand times less and 
the rate of reaction correspondingly lower; if we begin with 
a system in which the amount of fissionable material is 
below the critical size and gradually increase the mass, the 
reaction will start directly the critical size is reached, but 
the propagation of the reaction will be slow enough for 
us to be able to keep the system under control. What we 
should aim at is to effect a balance so that as one neutron 
is produced another is absorbed; once this set of conditions 
is fulfilled the rate of destruction by fission of the uranium 
will remain constant and the energy contained within such 
a system will be drawn upon at a constant rate. 

The number of neutrons produced per neutron absorbed 
can be regulated by introducing variable quantities of 
elements which have a strong capacity for absorbing 
neutrons. Cadmium and boron in steel control rods have 
been used for this purpose. As soon as the atomic pile 
(the usual term used for an apparatus arranged to contain 
uranium and a moderating agent) shows a tendency to 
become too active the control rod is plunged farther into 
the pile. On the other hand, if too much of the absorbing 
element is present, then too many neutrons will be absorbed 
In proportion to those produced and the activity of the pile 
will begin to fall. Judging from the experience with the 
first atomic pile, set up in Chicago in December 1942, 
itis easy enough to establish equilibrium between the rate 
at which neutrons are produced and the rate at which 


they are absorbed, and thus to run the pile at a definite, 
selected power level. 

The construction and regulation of such a pile is simple 
enough. But what do we do next? The greater part of the 
energy released is in the form of heat distributed evenly 
throughout the pile, while a small part of the energy takes 
the form of very penetrating X-rays which are extremely 
dangerous to the human body. If no steps are taken to 
cool the pile, apart from the ordinary heat losses from its 
exterior, any attempts to produce an output higher than a 
few kilowatts—roughly equivalent to that required for 
an average domestic electric fire—will lead to dangerous 
overheating. 

Even where this level is not reached the effect of the 
gamma rays is so intense that it is not possible to go any- 
where near the pile. As a safeguard it would be necessary 
to encase the pile in a cement envelope weighing anything 
between ten and a hundred tons. 

To overcome the overheating is easy in theory, but very 
difficult to achieve in practice. Cold air or cold water has 
to be introduced through channels running through the 
pile. But all this extra interior apparatus increases the 
chances that neutrons will be absorbed unproductively. 
For this reason a pile intended for the production of a 
large amount of energy has to be far more complicated in 
design and more accurately engineered than an experi- 
mental pile that produces less than a kilowatt. 

The production of energy is not the only significant 
feature about an atomic pile. We have also the produc- 
tion of particles which are highly radioactive and also 
fragments of atomic weight within the range 80—160 which 
are the direct products of uranium fission. These frag- 
ments which remain in the mass of uranium can be extracted 
by chemical processes and have a future as a substitute 
for radium.* But the most important by-product is U 239 
which decays to neptunium, which in turn decays to 
yield plutonium. 


* Radio-isotopes have other uses. See item “‘Radio-isotopes from 
Atomic Piles’’, Discovery, August 1946, pp. 227-9. 
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capture by U 238. 


Let us consider for a moment the case in which a neutron 
of medium energy* is captured by U 238 (Figs. 1-2). It is 
true that the moderator used to slow down the neutrons 
before they have been captured reduces the proportion 
of neutrons to be absorbed by U 238, but this fraction 
is never negligible even under the most favourable con- 
ditions. Because of neutrons absorption by U 238 an 
appreciable quantity of U 239 is always produced whenever 
a pile using natural uranium mixture Is in operation. 

The nucleus of U 239 is formed of 92 proton-neutron 
pairs and 55 additional neutrons; there are too many of 
the latter for there to be complete stability. Equilibrium 
is set up by the usual~ means—the transformation of 
neutrons into protons commonly called 8 decay. Two 
of these disintegrations bring the number of proton- 
neutron pairs to 94 and reduce the number of additional 
neutrons to 51. This new element has no existence in 
nature;t it has been called plutonium and has been the 
subject of detailed study. With its 51 additional neutrons 
it bears a resemblance to U235 and _ observation 
has established that it possesses the latter’s essential 
characteristic—that of undergoing fission when it is struck 
by a neutron of any speed, fast or slow. Plutonium in 
quantity is as explosive as pure U 235 but as its chemical 
properties are different from those of uranium its separa- 
tion after it has been produced in a pile requires relatively 
less complicated apparatus. 

It is common knowledge that the great piles at Hanford 
in Washington state have been set up for the purpose of 
producing plutonium for military use. Plutonium is 
obviously more active and more versatile than natural 
uranium. It is also easier probably to obtain than pure 
U 235 and it will also be of interest to see what use is made 
of it in developing the pacific uses of atomic energy. 

* Of the order 0-20 electron volts. 


+ This is not strictly true. Its natural occurrence in minute amounts 
has been detected. 
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After this exposition of the general physical principles 
underlying the construction and working of uranium piles 
it would be of interest to complete this article by giving 
details of some of the piles which are already in action, 
Such a description, however, would have to incorporate a 
discussion of the general technology of atomic energy, but 
unfortunately the Smyth Report published by the American 
Government does not contain enough data for us to 
embark upon such a discussion. The most we can do is to 
extract from this report enough concrete information to 
enable us to pass in our imagination from the realms of 
pure physics to that of the engineer. 

The greater part of the American technicians’ efforts 
was devoted to the graphite piles whose technology 
developed in three stages. Firstly there was the Chicago | 
atomic pile whose output was infinitesimal ; then came the 
pilot pile of Clinton with an output of one or two thousand 
kilowatts and lastly the great Hanford pile whose power 
was never specified but which was certainly much higher 
than that of Clinton. The most powerful piles naturally 
present the most interest from a technical point of view. 


Graphite Piles 


Their essential components would appear to consist of 
the following: 

1. A large mass (justifying the name of ‘pile’) of pure 
graphite filling large proportion of the total volume of the 
apparatus. 

2. Spaces in the interior of this mass are filled by pure 
uranium in its metallic state. This heterogeneous arrange- 
ment, besides possessing obvious mechanical, thermal 
and chemical advantages, also facilitates the attainment ofa 
balance between the production and absorption of neutrons 
by reducing the chances of neutrons being absorbed by 


U 238 while they (the neutrons) are in the process of slowing 


down. 

The metal uranium, like many other metals in a pure 
State, is subject to corrosion, particularly at high tempera- 
tures, and consequently it has to be protected against 
direct contact with the fluids circulating inside the pile. 
The Smyth Report is vague on this point but it would 
appear that the necessary protection is given by thin 
sheaths of aluminium. 

The principle of disaggregating the uranium which we 
have just discussed leads us to the logical assumption of 
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Fic. 2.—The self-sustaining chain reaction upon 
which an atomic pile using mixed uranium depends. 
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Fic. 3 (above).—The lay-out of a graphite pile. 
Fic. 4 (right).—A scheme for a heavy-water pile. 


a spatial distribution of the uranium in isolated blocks 
buried in the graphite. These conditions were in fact 
realised in the experimental pile at Chicago. But to facili- 
tate contact between the metal and the circulating fluid 
which acts as a cooling agent it is more practical, although 
slightly less effective as regards the neutron balance, to 
place the metal in the form of cylindrical slugs in the 
cooling passages which traverse the pile. It is thus an 
easy matter to take these slugs out of the pile when it is 
necessary to submit them to chemical treatment. 

3. The interior wall of the passages which run through 
the graphite limits the space available for the circulating 
fluid. If the fluid is gaseous then no other wall is necessary. 
(This principle was adopted at Clinton where the pile was 
cooled by air circulation.) At Hanford water cooling was 
used and it was necessary to have a wall additional to 
that formed by the graphite surface. Tubes of aluminium 
were consequently inserted and the water circulated in the 
limited spaces between the protective sheath enclosing 
the uranium and the tube which prevented the water from 
making contact with the graphite. 

4. The cadmium and boron, the absorbents mentioned 
earlier whose purpose is to control the rate at which the 
energy is produced, are set within the pile in spaces specially 
designed for the purpose where they can be easily adjusted 
or removed. Similar spaces are made for measuring instru- 
ments, automatic controls sensitive to temperature and 
radiation, experimental apparatus, and so on. 

5. The Smyth Report, without going into practical 
details, puts forward the possibility of reducing the mass 
of the pile by enclosing the reactive mass within an addi- 
tional envelope of graphite. Such an envelope would reflect 
back a proportion of the neutrons which would otherwise 
escape from the mass containing the uranium. 

6. Mention has already been made of the need for 
protection against the powerful rays which are propa- 
gated when the pile is operating, and of how this can best 


be accomplished by enclosing the reactive mass (and the - 
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graphite reflector, too, if possible) within a protective 
screen of materials which would absorb such rays. The 
report mentions concrete and steel in this connexion. 
We can envisage the complicated structural problems 
involved when we consider the circulation of the cooling 
fluid within this protective screen and the difficulty of 
handling the uranium slugs and the other apparatus which 
we have described. 

7. Outside the pile and its protective screen the pumps 
are installed, together with a remote control system; these 
make possible the regulation of the movement of fluids 
and other materials within the pile. 


Heavy-water Pile 


The heavy-water pile, which the Smyth Report mentions, 
has a laboratory rather than an industrial interest. Its 
essential components are similar to those which we have 
described after making the necessary allowances for the 
fact that the moderator is a liquid. The use of heavy water 
in place of graphite results in a far more favourable balance 
between production and absorption of neutrons, leaving 
a much greater margin after the loss of neutrons by escape 
from the surface of the pile. The result is a considerable 
diminution of the critical size of the reacting mass, and as a 
natural sequence an increase in neutron density at a given 
power. It is this increased neutron density which makes 
the heavy-water pile particularly interesting to the research 
physicist, and according to official statements of the 
Canadian Government it is towards heavy-water piles that 
Anglo-Canadian experiments have been directed. The plant 
at Chalk River in the province of Ontario should soon be 
producing plutonium and radioactive substances for use 
in biology and medicine. 
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VIDIO OO LL 


Fics. 1 and 2.—The apparatus with which Comandon 
and Fonbrune have made their remarkable microbio- 
logical films. It is in four parts—the microscope, the 
light system and optical bench, the film camera and the 
motor. The big problem in this kind of work is to 
avoid vibration: this is achieved by having each of the 
parts free from contact with any of the others, and 
from the ground and the walls. The suspension system 
designed to secure this object is seen in both diagram 
and photograph. The shutter does not lie within the 
camera but is situated between the light source and 
the microscopic field; it interrupts the light rays 
vertically and so helps to protect the micro-organism 
from overheating. There are various other gadgets 
on the optical bench which can be brought into play 
to give protection from ultra-violet rays and other 
damaging radiations. 
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Fic. 3.—These four stills from the film Champignons predateurs show how a 
fungus (Dactvlaria) garrots nematode worms. On the left can be seen the noose 
(composed of three cells) in which the worms are trapped. If the inner surface of 
the noose is touched the cells swell inwards; this happens on contact with a 
nematode, and the effect can be reproduced artificially using the micro-manipulator. 


Comandon: “Father of Cinemicrography” 





BLODWEN LLOYD, Ph.D. and JOHN MADDISON, B.A. 


One of the greatest difficulties in factual science is the 
correct assessment of the time-factor, since the observer 
is himself moving along the same time-scale as the object 
observed. Scientists have, for the last two thousand years 
or more, taken observations at selected moments in time, 
seriatim and static, and it is only with the relatively recent 
development of continuous recording instruments that it 
has become possible to demonstrate progressive physical 
changes with accuracy. 

In the biological sciences, however, changes in form and 
movement are not all separable into components that can 
be easily measured, and the ancient methods of description 
and delineation, and the later method of still photography, 
must continue to be employed. But now, since the intro- 
duction of cinematography, biologists may make their 
records on a changed time-scale and observe, by differ- 
ence, the effects of the time-factor in living organisms. 

When this apparent reduction in the time-scale is com- 
bined with improved techniques for manipulating micro- 
scopic organisms, a new understanding of microbiology is 
attained. This is the achievement represented by the 
microbiological films made by Dr. J. Comandon and M. 
Pierre de Fonbrune, a selection from which was shown in 
January and July of this year in the British Council 
Theatre in London. The value of both these occasions was 
enhanced by the lucid and graceful introduction and 
commentaries to the films contributed by De Fonbrune 
himself. | 

In 1910, Dr. Comandon presented for the first time to 
the French Academy of Science a record on film of the 
movement of micro-organisms, made after two years of 
patient trial and error in a modest laboratory in the Pathe 
factory at Vincennes. From its earliest days, he had 
realised the significant possibilities of cinematography as 
a tool of biological research and of teaching, and in 1905 
he made a film on the circulation of the blood. The 
Vincennes laboratory, though primitive, had given him 
the opportunity to experiment with certain film techniques, 
extremely novel at the time, but now commonly employed 
in scientific cinematography. His experiments in cine- 
radiography, made in 1912 in collaboration with Lomon, 


were carried out at the remarkable speed of twelve 
frames per second. 

Since those days, Dr. Comandon has earned wide 
repute in research and in cinematography by the produc- 
tion of a series of microbiological films which have great 
pictorial interest as well as scientific value. Today he still 
carries on this work, which has earned for him in France 
the title of ““Father of Cinemicrography”’. In recent years, 
he and his younger colleague, M. de Fonbrune, have 
secured more ample technical equipment in their cine- 
laboratory at Garches, near Paris. The Department of 
Cinemicrography at the Garches Annexe of the Pasteur 
Institute is a fascinating combination of film studio and 
biological laboratory. The building housing the depart- 
ment is the one in which Louis Pasteur lived and died. In 
it, besides such devices of modern professional cinemato- 
graphy as high-speed and time-lapse cameras and special- 
ised lighting equipment (Figs. 1-2), there are refinements of 
biological apparatus for microscopic observation and 
micro-manipulation. 

The micro-manipulator (Figs. 10-12), which makes 
possible the scaling down of hand movements and the 
operation of micro-needles, micro-pipettes and other 
micro-instruments operated within the field of the micro- 
scope (Fig. 9), is itself described in a film “‘Nouveaux 
appareils pour les micro-manipulations’. The same film 
includes some descriptions of the micro-forge (Figs. 4-8) 
used for making from pyrex glass the small scalpels and 
micro-needles employed in the micro-manipulator. The 
manufacture of these minute glass tools permits micro- 
dissections and the movement of objects as small even as 
a single bacterium. 

Altogether some twenty films in cinemicrography have 
been made by Dr. Comandon and his colleague. They are 
on 35mm. stock, a divergence from the British practice of 
using 16mm. film for laboratory film records. One of the 
most striking is a 62-metre film on nuclear division 
(Cariocinése); the process takes place in the mother 
cells of red blood corpuscles of the newt and cell division 
is shown in detail; individual chromosomes and mito- 
chondria are seen. (An interesting rotation of the nucleus, 
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| 
f Fic. 4.—The micro-forge (/eft). This 
apparatus was designed for the manu- 
facture of micro-dissecting instruments, 
usually of pyrex glass. It enables instru- 
ments to be made under the microscope 
and with shapes and dimensions adapted 
to every kind of experimental use. Fic. § 
(below). A closer view of the micro-forge. 
Note the cylindrical vice holding the 
working instrument. The tuyeres con- 
verge on the heating chamber: the glass 
from which the micro-instrument is being 
fashioned is softened by contact with the 
hot piatinum filament. 
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FiG. 6.—Successive stages in the making of a micro-pipette. 
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Fic. 7.—Some micro-dissecting instruments made 
with the micro-forge. 
(Scale divisions = one-hundredth of a millimetre.) 











Fic. 8.—A micro-pipette being used to inject fluid 
into an amoeba. 
(Scale divisions= one-hundredth of a millimetre.) 
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Fic. 9.—An example of the delicate micro-dissections made possible by the use of the micro-manipulator. 
Two amoebae are held in a crook. A needle forces the nucleus from one amoeba into the other. 


occurring immediately before cell division, is recorded in 
this film.) 

Amoeba verrucosa (250 metres) shows the ingestion of 
a filamentous blue-green alga by an amoeba. It demon- 
strates. very strikingly by time-lapse photography that 
the absorption is not a purely physical one, but that the 
amoeba engulfs the prey. When a particularly long algae 
filament is ingested, it is coiled inside the amoeba, and 
sometimes exerts so strong a pressure on the outer proto- 
plasm of the amoeba that the surface gives way and a 
large gap occurs; such gaps are, however, instantly 
repaired, and the amoeba can immediately ingest more 
alge. 

One of the Garches botanical films (Champignons pre- 
dateurs; in three parts, 600 metres long in all) presents 
splendid cinematic studies of those fungi such as Artho- 
botrys entomophaga and Dactylaria brocophaga which are 
capable of destroying nematode worms. In pure culture, 
the vegetative mycelium (network of threads or hyphae) of 
Dactylaria grows normally, but in the presence of nematodes 
the mycelium gives rise to short three-celled hyphae, 25y in 
diameter. The inner surface of these rings is sensitive to 
contact, and when a nematode moves through, it expands 
inwards and traps the worm, later digesting it (Fig. 3). 

Lankesterella (220 metres) shows the movements of 
this parasite within the red blood cells of frog, their passage 
from one blood corpuscle to another, and their escape 
which follows the piercing of a corpuscle with a micro- 
needle. Another film demonstrating the use of the 
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micro-manipulator is Phagocytose (300 metres), which | 
shows how white blood corpuscles from human blood de- 
stroy bacteria in infected tissues. The white corpuscles are 
first seen moving abeut at random; they are then shown 
moving towards introduced micro-organisms, and towards 
substances such as carbon particles and droplets of oil and 
mercury. The white corpuscles surround the foreign 
organisms, and each one absorbs a few invaders. After a 
few hours no parasites remain at large. As the white 
corpuscles move (in vitro) at a rate of 1-2 millimetres—a 
millimetre is one twenty-fifth of an inch—per hour at a 
temperature of 25—30° C. and the film presents an apparent 
acceleration of 150—500 times, the movement is well seen. 

One of the most astonishing micro-manipulations accom- 
plished in the laboratories of Dr. Comandon is the actual 
transfer of a nucleus from one amoeba to another. 
Micro-hooks push the cell nucleus out through the sur- 
rounding protoplasm and into the adjacent amoeba, and 
the organism that has lost its nucleus is photographed 
alongside the organism with two nuclei. (Fig. 9.) The 
removal of the nucleus causes changes in protoplasmic 
movement, but the change is reversible during the forty- 
eight hours that the cell may live without its nucleus 
(Ablations et greffes de noyaux chez les amibes). 

This group of films, together with those others in Dr. 
Comandon’s repertory not yet shown in Britain, consti- 
tute a remarkable scientific and technical achievement. 
Academic and research establishments in this country 
might do well to try to emulate it. 
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Fic. 10.—The micro-manipulator. The manipulator itself (right) transmits and scales down the 

movements in three directions given to it by the hand; this is done by three pneumatic pumps 

which connect with the receiver on the left. The latter is controlled by three air-tight capsules 

and conveys movement to the micro-dissecting instruments which are held within the microscope’s 
field. The micro-manipulator is operated while looking through the microscope. 


Fic. 1] Showing 
the principle of transmission 
of movements in the pneu- 











matic micro-manipulator. P, 





pump; C, discoid metallic 
membrane; 7, rubber tube. 


Fic. 12 

Arrangement in the receiver 
of the three capsules (C1, C2, 
C3) and the movable rod (L) 
which carried the dissecting 
instrument ( Mi.) 
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Taking Science to the Adult 





M. H. CLIFFORD, M.A., Ph.D., B.Sc. 


It is impossible to overestimate the importance of visual 
aids in any science teaching that professes to be methodo- 
logical. Factual information must be presented by tables 
and graphs on blackboards or on wall charts, and the 
students should be encouraged to abstract, for reference, 
those facts which appear to them to be most significant. 
The setting out of such matter involves the tutor in con- 
siderable labour, but it cannot be shirked if permanent 
results are to follow. The scientific outlook is adopted by 
the student more often because of its habitual exhibition 
in practice by the instructor than on account of exhorta- 
tion unaccompanied by example. 

Visual aids must be the basis of, and not substitutes for, 
abstract thought. With most classes there is a saturation 
point beyond which the further use of visual aids is 
unprofitable. But skill in balancing the various methods 
used will tend to delay the onset of exhaustion on the part 
of the students. The tutor must also do all in his power 
to bring to his students some part of the practical work of 
his subject. This usually involves difficulties in connexion 
with transport and local facilities, but the results will repay 
the additional effort. Whilst it is only rarely that students 
can be enabled to do individual investigations in the 
course of practical work, demonstrations by the tutor are 
more easily contrived. To some extent photographs and 
lantern slides can ‘stand in’ for the experience of, for 
example, microscopic observation or field work in natural 
history, but every effort should be made to supply the real 
experience in at least a minimum of instances. It is usually 
possible to arrange one or more field meetings, or visits 
to laboratories and museums, activities that are normally 
strongly supported by the students. 


Practical Work 


It is also worth considering whether in this country 
adult instruction in science could not be correlated with 
the establishment of science clubs of the type being 
developed in the United States for the furtherance of 
experimental activities among young people. In _ this 
country we have the existing tradition of the various local 
natural history societies, and the idea seems capable, under 
suitable encouragement, of extension to other branches 
of science. Practical work is obviously of greatest im- 
portance in courses concerned chiefly with the academic 
and vocational aspects of science. Where serious attempts 
are made at practical work it will usually be more effective 
to discard the lecture for that particular meeting, so as 
to devote the whole of the available 1$—2 hours of practical 
work. With the full time available something profitable 
can be attempted. Otherwise a short, and usually ineffec- 
tive rush of practical work tends to displace the whole of 
the discussion period that should have followed the lecture. 
The lecturer, unless fortunate in having access to a secon- 
dary school where the staff are anxious to co-operate with 
him, will have to provide apparatus by borrowing from 


various sources. Dissecting apparatus, microscopes, 
glassware and chemicals all provide problems of supply. 
University extra-mural departments ought to be—but are 
not yet—very well equipped with the basic teaching aids 
required by the scientist, who is therefore usually obliged 
to borrow from friends, or secure the permission of the 
head of his own institution to use some of the institution’s 
resources for this work. He may also invest his own funds 
in the purchase of such apparatus as will have regular 
usage. Some extra-mural departments are able to loan 
sets of miniature microscopes for class use. Where an 
energetic attack is made upon these difficulties it is often 
surprising what can be achieved. but much better official 
provision will be needed if expansion of science teaching in 
adult education is to proceed upon sound lines. There is 
no need for elaborate apparatus. In fact the simpler the 
experiment the better from the point of view of the students 
realising the underlying intention and method, instead of 
merely being impressed by the superficial intricacies. It 
has been found possible to enable students, either indi- 
vidually or in small groups, to do simple test-tube experi- 
ments, to dissect earthworms and frogs, to count peas and 
maize cobs in connexion with the evaluation of Mendelian 
ratios, and to measure frequency distributions of length in 
populations of cedar leaves. Motor transport is in nearly 
all cases indispensable for the carriage of practical material 
and visual aids. 

In most cases where lantern slides are to be used the 
lecturer will have to take his own projector with him in 
order to be sure of satisfactory projection. Transport 
difficulties make the epidiascope of little value in this work, 
really portable instruments usually being of inferior 
optical efficiency. Films could provide useful aid in many 
branches of science, but the availability of a projector 1 
frequently a limiting factor, to say nothing of the trouble- 
some varieties of gauge, and of sound or silent com- 
mentaries. In all these matters any improved provision 
by university extra-mural departments will need to bh 
supplemented by greatly improved facilities at the plac 
where the class meets. This must come about through the 
provision by the voluntary bodies of special local facilities 
for such activities, or through improvement of the facilities 
put at the disposal of adult education by the local educa- 
tion authorities. Commercial enterprise is also involved 
It would be of immense aid in many instances if there were 
available, for hire, recordings of suitable dramatisations 0! 
science. These could be used to evoke general interest prio! 
to more intensive instruction. Science broadcasts t0 
schools have shown how effective this kind of approach 
can be. It should be possible for such recordings to bk 
published commercially in the manner of the languagt 
recordings available for the home student, or in the manner 
of the recordings on discs that are current in the United 
States as commentaries on the film strips with which they 
are supplied. 

The taking of notes is a matter needing special attention. 
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Students mostly require considerable encouragement 
before they acquire this habit. It is often regarded as too 
reminiscent of school, its fundamental value to the note- 
taker not having been realised! It is often best to present 
it as the means whereby discussion can be made more 
vigorous and more generally supported, since the student 
carries over from the lecture a synopsis of its chief argu- 
ments as well as a record of such interlocutions as seemed 
deSirable at that time. At first it may even be necessary 
to help beginners by indicating the points deserving of 
inclusion in any scheme of notes. Extensive and exhaustive 
note-taking is best discouraged, as it usually leads to 
record-making replacing attention to the argument. 


Lack of Good ‘Popular’ Books 


There are two other ways in which the lecture can be 
followed up outside the class. Well-chosen reading, suitable 
to the student’s individual needs and ability, should always 
be encouraged. Lack of time is the usual excuse for failure 
to read, but it is as well to verify that this excuse is not 
derived from the unsuitability of the books chosen by the 
student from the contents of the book-box. It may at first 
be necessary to give some instruction in the use of books. 
For instance, sections can sometimes be indicated for 
immediate study without the whole of the book being 
suggested for reading at that stage. Tutors in science will 
usually find the choice of books for inclusion in the book- 
box to be a difficult one on account of the restricted 
number of works that are suitable in both style and content. 
The popular market in science books has not yet been 
seriously catered for by writers experienced in the special 
problems which it poses. Too many books intended for 
this market are ‘re-writes’ and academic text-books, and 
often employ the same tables, figures, and format without 
adequate discrimination. Others are often so superficial 
in their approach as to be almost worthless, though even 
these may be useful if they induce the student to develop 
a taste for reading about science. The position in the case 
of biological subjects is somewhat better than for other 
sciences. Since the writer of a book has some very definite 
advantages over the lecturer, such as wider, more segre- 
gated public, and the constant possibility of re-reading 
difficult passages, it is unfortunate that this field should 
continue to be neglected. 

The second form of individual student effort is written 
work. This is most difficult to get from at least 50°% 
of adult students, though for grant-earning purposes the 
Ministry of Education makes it a compulsory obligation 
upon the student to satisfy the tutor in this respect in 
addition to making two-thirds of the maximum number 
of attendances. With the exception of a small band of 
habitués, written work never comes in easily. Inquiry 
into the reasons for this reveals many operative causes, 
but no one major cause other than ‘lack of time’. Conse- 
quently, no single remedy is available to the tutor. The 
importance of encouraging written work is, however, so 
great from the educational point of view that it is worth 
while considering the matter a little more fully. 

Written work and other forms of individual effort sgrve 
at least two ends. The first is training in observation and 
classification, a technical facility required by the student, 
but not especially involving originality. Such training can 
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be advanced by note-taking, or by the writing of an account 
for the ‘log-book’, or by the collection of newspaper 
cuttings. It can be acquired during the hours of meeting 
of the class. The second object is training in synthesis and 
self-reliance. This involves the evocation of original 
thought and its translation into practice. To a greater 
extent the development of these powers will depend upon 
activities that take place outside the hours of class study. 
Usually it is best served by the process of essay writing, 
or the production of a monograph. It*can, and usually 
must, have small beginnings, for example, in the form of 
a ‘letter’ to the tutor. However, the experience of some 
self-taught persons shows that for its accomplishment an 
essay may never need to be written. Synthesis can be 
achieved by the use of notes, charts, diagrams, and models, 
whilst in the exceptionally gifted it may occur without the 
use of external aids. 

In a recent general inquiry about one half of those 
replying indicated that they experienced difficulty in 
complying with the requirements for written work. Of this 
group 69% gave time as the significant factor. Fear of 
inability to reach an adequate standard deterred 16%, 
whilst other reasons, such as disinclination, or lack of 
home facilities, were only rarely advanced. This evidence, 
for what it is worth, draws attention to one of the especial 
difficulties of the adult student, a competition of interests 
and responsibilities in the individual’s life. But it also 
suggests that there is something that tutors for their part 
can do to encourage the diffident. This usually means 
assisting those who suffer from educational disadvantages, 
but it may also involve an approach to the conception 
of written work different from that which has_ been 
customary hitherto. 

To discuss this further would involve considering 
fundamental principles. Enough has been said to draw 
attention to a very important aspect of adult education. 


The Major Obstacles 


What are the major obstacles at present hindering the 
successful presentation of science to adult audiences? 
Firstly, there is the assertion sometimes made that the 
demand for science does not exist. But may not this 
assertion equally suggest insufficient interest or sales- 
manship on the administrative side? Unfortunately, it has 
long been made the excuse for the absence of scientists 
from adult education staffs. It certainly appears to be of 
dubious accuracy when one thinks of the numerous 
consumers of the Pelican books on scientific subjects that 
so soon disappear from the shops, and of the many who 
discusss in trains the principles involved in radar or the 
rocket bomb. Moreover, provision must always be a stage 
ahead of demand if the latter is to be fostered. 

The second difficulty is to find the men and women 
competent to present scientific subjects effectively. It is 
hoped that this article has indicated some of the qualifica- 
tions that they will need to have, and also the fact that they 
will not all be found amongst the ranks of prominent 
scientists. When found they will have to be encouraged 
and maintained. According to individual circumstances 
employment will be upon a part-time or full-time basis. 
That remuneration and security for full-time work should 
be commensurate with the ability and experience of the 
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individual, having regard to professional scales, ought not 
to need stressing. Nevertheless, it is not yet generally 
recognised. But there is another equally important point. 
Whilst the expositor does not necessarily succeed most 
when expounding his own line of investigation, he does 
need to keep practical contact with some one branch of 
scientific research if he is not in himself to frustrate the 
spirit of scientific inquiry and become no more than a 
theorist and a publicist. This leads to the conclusion that 
popular scientific instruction needs to establish a relation- 
ship to research similar to that existing between university 
teaching and original research. But employing bodies 
generally are not, as yet, so enlightened. Either casual 
work is offered at low remuneration to persons willing 
to take it, but not necessarily possessed of the special 
qualifications necessary for this work, or else full-time 
employment is offered under conditions that will not 
sustain, or that even exclude the possibility of scientific 
activities. Persons taking up such employment, rare as it is, 
soon find that their contact with scientific advances is 
deveiopingintoa matter of second- and third-hand relations. 
The continuance of such conditions in connexion with the 
popularisation of science must impede progress, both by 
reducing the effectiveness of those so employed, and by 
excluding suitable scientists who find more congenial 
conditions in research, or in full-time teaching apart from 
the field of adult education. 

Next it must be said that scientists who find themselves 
involved in the popular presentation of science could do 
more than they have often done hitherto to envisage the 
nature and the limitations of the audience which they 
address. It is scarcely possible to overestimate those 
limitations. The scientist must thus be sufficiently per- 
suaded of the value of this work to make the necessary 
effort of interpretation, which will also mean that he must 
first study his students scientifically. Extra-mural teaching 
of the kind described in this article would therefore seem 
to be indicated as the best form of introduction to the field 
of adult education. As and when more scientists are 
appointed to extra-mural teaching staffs, and there are 
already signs that progress is being made in this direction 
by several universities, the B.B.C. might well secure the 
benefit of their experiences in the event of closer ties 
having been established between these two sections of 
adult education. The fact that, in connexion with the 
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recent Education Act, certain extra-mural departments 
are now embarking on schemes for the training of potential 
tutors in those subjects at present in greatest demand may be 
indicative of a fresh approach to the field of adult education. 
It is to be hoped that eventually scientists will be able 
to participate actively in such courses as learners, and as 
investigators of the problems posed by this kind of work. 

The last serious obstacle to progress is the persistence in 
some circles of the prejudice that a professional scientist 
who engages to any extent in part-time adult education 
is prostituting his abilities in an unworthy cause. Where this 
view is held in high places it can have the effect of dis- 
couraging young scientists from making their contribu- 
tion to extra-mural teaching. It is an obstacle that should 
tend to disappear as success is achieved by those who do 
devote themselves to the work. 

Recent experience suggests that when, in discussing the 
significance of science, the major emphasis is transferred 
from the academic to the social aspects then the response 
amongst adults, in terms of the demand for classes, 
increases enormously, and may even outrun the available 
supply of tutors. The social approach to science is far 
from being the only important approach, but it is mani- 
festly the approach of the moment, and as scientists we 
have to be opportunists, doing what we can, when we can, 
and how we can. But present opportunities must not 
be lost for lack of tutors to meet the demand. This article 
accordingly ends with an appeal that all those who are 
qualified in some branch of science, and who feel impelled 
to participate in the task of bringing the scientific point of 
view to their fellow-citizens, should get into contact either 
with the extra-mural department of the nearest university, 
or with the central office of the Workers’ Educational 
Association, these being at present the major agencies 
through which such teaching is provided. No one should 
be deterred from this work by the present account of some 
of its difficulties and requirements. There is in its conduct 
much good company to be had from fellow-tutors and 
students alike, and the beginner is sure of many helping 
hands. He will soon discover that quite half the reward 
for his efforts is to be found in the extent to which he 
learns from his students, both in matters of fact and in the 
matter of outlook. Adult education is most surely a 
two-way traffic so soon as the means of communication 
have been established. 





UNESCO 


UNESCO shifted its headquarters from London to the Hotel 
Majestic in Paris last month. A _ general conference of 
UNESCO will be held there in November, it is announced. 

Information about UNESCO continues to be scanty: apart 
from an unsigned article by Julian Huxley published in The 
Times wm July, few useful references can be given except to the 
Weekly Bulletin of the United Nations Department of Public 
Information (Vol. 1, No. 4). 

Mr. Theodore Bestermann, we understand, has joined the 
staff from ASLIB to organise international bibliography. Mr. 
William Farr is now UNESCO’s Films Officer. 

A “UNESCO Month” is being organised, and this will last 
from October 28 to December 1. Exhibitions of Education, 
Science, and Architecture are being arranged in Paris during this 


in Paris 


period. The general theme of these three exhibitions is to be 
“The Evolution of World Education, Science and Architecture 
between 1939 and 1946”, and these will be held respectively 
in the Musée Pedagogique, the Palais de la Découverte and the 
Musée d’Art Moderne. 

The science exhibition is to include items illustrative of the 
progress of radar and television, nuclear physics, nuclear 
biology, antibiotics, and international science services such as 
Dr. Needham’s work in China during the war. One exhibit will 
illustrate the work of Pasteur. 

According to The Scientific Worker, the World Federation 
of Scientific Workers has been offered office accommodation 
— secretarial assistance in the UNESCO headquarters in 

aris. 
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The Isaac Newton Telescope 





Professor H. H. PLASKETT, F.R.S. 


GREAT BRITAIN, the first country to build a large telescope, 
is again to move into the van of astronomical research by 
having a 100-inch reflector. At the opening ceremony of 
the commemoration of the tercentenary of Newton’s 
birth, the President of the Royal Society, Sir Robert 
Robinson, announced that the Chancellor of the Exchequer 
had agreed in principle to submit a measure to Parliament 
for the money for such an instrument. To be called the Isaac 
Newton Telescope, after the maker of the first practical 
reflector and the greatest British scientist, this instrument, 
the property of H.M. Government, will probably be 
housed at the new site of the Royal Observatory at Herst- 
monceux and will be available for the use of the astronomers 
of all the observatories in the country. It has been sug- 
gested that the Astronomer Royal, who would in this event 
be in administrative control, should be scientifically 
advised by a strong board of management. Its functions 
would be first to settle the design of the instrument, and 
then to ensure effective and equitable use of the telescope 
by all competent British astronomers. 

The initial steps to secure a large telescope for Great 
Britain were taken by the Royal Astronomical Society. 
In May 1946 this body submitted a memorandum to the 
Royal Society setting forth the need for such an instrument 
in this country, and following a happy suggestion by 
Professor S. Chapman and Professor W. H. McRea, pro- 
posed that the project should be associated with the 
commemoration of the Newton tercentenary. This 
memorandum received detailed and sympathetic considera- 
tion by the Royal Society, and in turn this body approached 
the Treasury. In the concluding stages of the negotiations 
with the Treasury the Astronomer Royal, Sir Harold 
Spencer Jones, made many useful and helpful suggestions, 
and on his advice the size of the proposed telescope was 
fixed at 100 inches. 

Readers of Discovery, who are naturally interested in 
seeing science in this country advance on a broad front, 
will welcome this decision by the Government. They will 
very properly want to satisfy themselves, however, that a 
large telescope can be used efficiently in a notoriously bad 
Climate, that there are sufficient astronomical problems 
left for a 100-inch telescope to justify an expenditure 
estimated at between £200,000 and £300,000 and finally 
that so large an instrument can be satisfactorily designed 
and constructed in this country. Let us consider each of 
these points in turn. 


Observational Conditions in Britain 


The earth’s atmosphere imposes two limitations on the 
use of a large telescope. The first and more serious of 
these is that produced by lack of homogeneity in the 
atmosphere. The parallel beam of light from the star, as it 
passes through the air, suffers deviations in direction due to 
local variations of refractive index, and these lead, when 
the star is observed with the unaided eye, to ‘twinkling’. 
If the eye is assisted by a small telescope, it can be seen 


that this twinkling results from a bodily displacement of 
the image of exactly the same nature, though smaller in 
amount, as the displacement of objects seen through a 
turbulent column of heated air. When the aperture of the 
telescope is greatly increased so that it is large in comparison 
with the regions of variable refractive index, light from the 
star falls on the objective or mirror of the telescope over a 
small range of angles, and the resulting image is no longer 
a moving point, but a smeared-out ‘tremor-disc’. This disc, 
which has nothing to do with the actual but exceedingly 
small angular diameter of the star, is wholly produced by 
the irregularities of refractive index in the air-path, and 
the size of the disc is a convenient measure of the homo- 
geneity of the atmosphere. 

Clearly if the tremor-disc is large, stars with small 
angular separation from each other, as in a crowded 
field in the Milky Way, will overlap and not be separable. 
Further, if the large tremor disc is allowed to fall on the 
narrow slit of a spectroscope, only a very small fraction 
of the starlight will pass into the instrument, and nearly 
as much light will be wasted due to the large tremor-disc 
as is gained by the use of a large aperture. It is for this 
reason that a small tremor-disc is essential in siting a 
large telescope. If the tremor-disc is large, that is if the 
astronomical ‘seeing’ is bad, an increase in aperture does 
not produce a corresponding gain in either resolution or 
light-gathering power. Fortunately methods have been 
developed whereby it is possible to tell from the use of 
comparatively small telescopes whether the tremor-disc 
given by a projected large instrument will be small or large. 
Extensive experience in this country has shown that the 
expected tremor-disc will be small and comparable with 
that obtaining on the west coast of the American continent 
where nearly all the large telescopes are situated. 

This conclusion is greatly strengthened by previous 
experience with large telescopes in Britain. As early as 
1789 Sir William Herschel built a reflector of 48 inches 
aperture at Slough and in spite of a poor mounting, 
inevitable in view of the state of engineering knowledge 
at that time, used the instrument with the greatest effec- 
tiveness in his determination of the structure of the 
galactic system. Some sixty years later Lord Rosse in 
Ireland built a 72-inch reflector and with it found the spiral 
character of the extra galactic nebulae, an achievement 
only made possible by the increased resolving power 
inherent in a large aperture, and the smallness of the 
tremor-disc. Finally, in 1891, A. A. Common built a 
60-inch reflector with which he obtained magnificent 
photographs, providing further incontestable evidence of 
the usability of large reflectors in this climate. There can, 
therefore, be little question that the 100-inch Isaac Newton 
telescope will show all the gains to be expected from its 
great aperture. 

The other limitation imposed by the earth’s atmosphere 
is the obstruction of starlight by clouds. In this respect 
Great Britain is in an undeniably unfavourable position as 
compared, say, with California, where at Mount Wilson 
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This replica of Mount Palomar Observatory was made 


to a scale of 1/24. It will be two years before the 
200-inch telescope will be ready for operation on 
Mount Palomar which is over 5000 feet above sea level. 


there are situated a 60-inch and a 100-inch reflector, or as 
compared with good sites on the high plateau of South 
Africa. The average number of hours of clear night-sky 
per year obtained at Mount Wilson in California, site of the 
60-inch and 100-inch telescopes, is 2700 hours; Victoria, 
British Columbia, site of Dominion Government 72-inch 
telescope, is 1247 hours; Herstmonceux, proposed site of 
new 100-inch telescope, is 1515 hours. Obscuration by 
clouds, serious as the most casual observation reveals it 
to be in Britain, is no worse than at Victoria where a large 
reflector, in use for the past quarter of a century, has been 
responsible for vital advances in our knowledge of the 
rotation of the galactic system, of the nature of matter in 
interstellar space, and of the physical conditions pre- 
vailing in the atmospheres of the high-temperature stars. 
This comparison is, however, hardly fair to Victoria. 
For there the sky is clear as a rule all through the night and 
in the spring and summer for many nights in succession. 
At Herstmonceux, and even more so at other sites in Britain, 
the periods of clear weather are of short duration, and 
average about two hours. This unfortunate character- 
istic of the British climate is, however, the reason why it is 
absolutely essential to have a large telescope here. In 
Victoria, and more so in California where periods of clear 
weather are of even longer duration, it is possible to make 
up for a small aperture by accumulating the light over long 
periods on a photographic plate, a procedure impossible 
in Britain where a really long exposure in unfavourable 
circumstances might not be completed within a month. 
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In fact the shorter the duration of clear sky, the larger 
must be the telescope to make effective observation: in 
California a large telescope is in some senses a luxury for 
astronomical research, in Britain a necessity. 

In so far then as the comparison with Victoria 
is unfavourable, it is an argument for having a larger 
telescope here than there. Further, the poorly dis- 
tributed but greater number of clear hours available here 
is an assurance, if the telescope be large enough, that at 
least as much effective work can be done with the Isaac 
Newton telescope as has and is being done with the 
Dominion Government reflector at Victoria. This fact, 
coupled with the small tremor-disc known to prevail here, 
provides ample assurance that the 100-inch reflector can 
be effectively used in the British climate. 


Astronomical Problems 


The second question to be settled is whether there are 
sufficient problems of first importance left for a 100-inch 
telescope in Britain. At Mount Wilson a 100-inch tele- 
scope has been at work since 1917, while a 120-inch is 
planned for the Lick Observatory on Mount Hamilton 
in California, and a 200-inch is nearly completed for 
Mount Palomar in the same state. Willa 100-inch telescope 
here be another case of ‘too little and too late’? 

During the present century astronomers have been 
engaged in two main classes of problems. On the one 
hand they have been concerned with determining the dis- 
tribution and motions of the stars, a kind of heavenly 
geography, conveniently called cosmography, and on the 
other hand with finding the physical properties of the 
individual stars, the subject termed astrophysics. In the 
first case the exploration starts out by finding the distances 
of the closer stars, using the diameter of the earth’s orbit 
as a base line. From these observations, supplemented by 
the use of the extended base line provided by the sun’s 
motion relative to its neighbours, it has been possible to 
establish the existence of a class of variable stars, known as 
Cepheids from their prototype, a bright star in the con- 
Stellation of Cepheus, whose period of light variation bears 
a simple relation to their intrinsic luminosity. Hence if a 
Cepheid variable can be found in a stellar system, no 
matter how remote, and its period determined, then its 
intrinsic luminosity is known. From the ratio of the 
apparent to the intrinsic luminosity, assuming that 
apparent luminosity decreases inversely as the square of the 
distance, the actual distance of the star, and hence of the 
stellar system of which it forms a part, can be found. The 
importance of a large telescope for this type of work is 
obvious, for the larger the aperture the fainter the stars 
which can be photographed, and the greater the space 
penetration which is thus made possible. In Herschel’s 
time and as a result of his pioneer investigations we knew 
something about the distribution of the stars within a 
distance of 15,000 light years from the sun. Today, due 
largely to the work of Shapley with the 60-inch Mount 
Wilson reflector and of Hubble with the 100-inch telescope 
there, we are feeling our way into systems of stars distant 
200 million light years. These investigations of spatial 
distribution are closely related to questions of stellar 
motion, particularly of motions in the line of sight found 
by the measured displacement of spectrum lines, inter- 
preted as a velocity by Doppler’s principle. Much of 
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Hubble’s success has been due to the spectro- 
scopic observations of extra galactic systems 
made by Milton Humason with the same 
{00-inch telescope. 

Astrophysics is of no less interest and is 
even of some practical importance. For the 
stars are the supremely successful example 
of the conversion of nuclear energy into 
heat and light which, as provided by our own 
star, the sun, furnishes the overwhelming 
bulk of the power available for terrestrial 
use. The primary means of ascertaining the 
physical conditions prevailing on the stars is 
by the use of a large spectroscope fed by a 
large reflector. When in examining the stellar 
spectrum so obtained an absorption line is 
seen, not only does it give the signature of its 
atomic producer, but it tells us something of 
the energy available in the stellar atmos- 
phere. For an atom may exist in any one of a 
number of stationary states, the realisation of 
which by the atom demands the continual 
supply of energy. The absorption line tells 
us in which of these stationary states the atom 
originally was, and therefore how much energy 
had to be supplied by electron collisions or 
by absorption of radiation to get it there. 
But the energy from these sources depends 
upon the temperature prevailing in the region 
where the atom finds itself, and hence the 
presence of the absorption line tells us the 
temperature of the stellar atmosphere. Again 
atoms may exist in different states of ion- 
isation, that is with none, one or more of 
their planetary electrons missing. Each of 
these states of ionisation gives rise to its own 
characteristic set of absorption lines, and ? 
from their presence in a stellar spectrum we 
can ascertain, knowing the temperature, the 
partial pressure of free electrons in the stellar 
atmosphere. These methods of determining 
stellar temperatures and pressures are due almost wholly 
to workers in this country, and the names of Lockyer, 
A. Fowler, Saha, R. H. Fowler, and Milne will always be 
associated with this great triumph. 

In spite of this achievement it must be admitted, how- 
ever, that our knowledge of the physical conditions pre- 
vailing on the stars lags far behind our knowledge of their 
distribution in space. There are many reasons for this, 
but the outstanding one is the minute quantity of light 
which we get from the stars. Thus Sirius, the apparently 
brightest star in the sky gives us only as much light as we 
would get from a single candle at a distance of a fifth of a 
mile, while apparently fainter but physically more inter- 
esting stars give us no more light than the same candle 
at a distance of 20 miles. To get enough light from objects 
so faint, and to photograph the light when spread over a 
long spectrum, are only possible if we collect as much of it 
as possible by the use of a large telescope. It has primarily 
been due to the fewness of the large telescopes employed 
on this work that our knowledge of astrophysics is rela- 
tively so backward. 

In astrophysics then is a primary field of research 
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This drawing illustrates the optical principles of the 200-inch 
Mount Palomar telescope. (Drawing by W. C. Ives, reproduced by 


courtesy of the editor of **The Sphere’’.) 


where many more large telescopes and their ancillary 
spectroscopes are badly needed, and this is the field where 
British astronomers with the Isaac Newton telescope and 
their extensive knowledge of these problems may reason- 
ably expect to do work of the first importance for many 
years to come. One special advantage of these problems is 
that the time spent at the telescope in actual photography 
is less than one per cent of that required for the subse- 
quent measurement, reduction, and discussion of the 
results. Hence a single 100-inch telescope, even in a climate 
where the number of hours available for observation is 
roughly half that obtainable in California, will provide 
ample work for all the British astronomers competent to 
make such investigations. 

Primary concentration on astrophysics need not neces- 
sarily exclude some work on cosmography as well. Nor 
is there any shortage of problems here for a 100-inch 
telescope in Britain. Particularly in the study of the 


spectroscopic red-shifts of the extra galactic systems, where 
there remain unexplained systematic errors, and of the 
internal motions in these systems, the Isaac Newton 
telescope could be usefully employed for many years, in 
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spite of the prospective completion of even larger instru- 
ments in California. In fact there is no lack of problems 
for a 100-inch telescope in Britain, and it will neither be 
too little, nor too late. 


Design of 100-inch Telescope 


Traditionally there is ample knowledge of the optics 
and the mechanics of large telescopes in this country. 
As already mentioned, the first large telescope was built 
by Herschel in 1789, and this in turn was followed by 
Lord Rosse’s 72-inch erected in Ireland in 1845, an instru- 
ment not equalled or surpassed in size until the 100-inch 
telescope was brought into use seventy-two years later at 
Mount Wilson. These two early instruments suffered from 
the mechanical inconvenience of their mountings, and it 
was left to A. A. Common in 1891 to design and build 
a mounting for his 60-inch mirror which has proved a 
model for every large telescope since then. 

Nor is our knowledge wholly traditional. Some of the 
more striking recent advances in optics are due to Dr. 
C. R. Burch, Dr. E. H. Linfoot, and their school at Bristol. 
In particular to Dr. Burch is due a new and simple method 
of testing and figuring large reflecting surfaces which 
avoids the difficulty and expense of constructing a full- 
size flat, while he has also been closely associated since 
its inception with Zernike’s phase-contrast method in 
mirror-testing and in microscopy. Almost equally im- 
portant has been the work of Dr. Linfoot on the design 
of wide-field Schmidt systems and on the theory of the 
well-known knife-edge test. Much of the success of the 
Bristol school has lain in the unique combination of a 
profound knowledge of optical theory with an unrivalled 
skill in the actual methods of figuring surfaces both large 
and small. While figuring a large mirror still remains an 
art, Burch and Linfoot are artists who have firmly estab- 
lished the scientific principles on which their art is based. 
The construction of a 100-inch telescope in this country 
would almost be justified if it did nothing more than lead 
to the provisian of adequate facilities for the work being 
Carried on at Bristol. 

When in 1920 Sir Charles Parsons purchased the good- 
will of the old astronomical firm of Sir Howard Grubb, 
he established in Newcastle an engineering undertaking 
for the construction of large telescopes. It is now one of 
the two remaining telescope-making firms in the world 
which has had the experience successfully to undertake 
the difficult mechanical and engineering problems en- 
countered in the design and construction of a large 
instrument. This firm has constructed 74-inch reflectors for 
Toronto and Pretoria, and with the additional engineering 
experience available in the country, which may be drawn 
on if necessary, there can be no question that a satisfactory 
mounting for the 100-inch telescope can be constructed 
here. 

In designing a large telescope the first problem is to 
decide in what field of work it is primarily to be employed. 
In the light of the discussion in the preceding section there 
can be no question that that field is spectroscopic. Of the 
various spectroscopes to be used with the 100-inch telescope 
the most important is the fixed, so-called Coudé spectro- 
scope, with its slit at the southern end of the prolongation 
of the polar axis, and the telescope must therefore be 
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designed so as to get the light from a star in any part of the 


sky down to this fixed focus with the minimum number | 


of reflections. This one spectroscope, provided with a 
number of readily interchangeable cameras to give a 
variety of dispersions, will be sufficient for the great 
majority of spectroscopic problems, but there are some 


problems where a small linear scale on the spectroscope 


slit is important. Small spectroscopes must be available 
for these purposes and arrangements be made for mounting 
them in the prime focus and possibly at the Cassegrain 
focus. 

In spectroscopy we are normally concerned only with 
the formation of a stellar image on the optical axis of the 
telescope. If at any time in the future it became desirable 
to do work on cosmography, where direct photography 
of critically defined images well away from the axis is 
necessary, then the optics of the telescope would have to 
be such as to satisfy the requirement of both axial and 
extra-axial definition. The decision whether to concen- 
trate wholly on spectroscopy, or to allow for the possibility 
of work in other fields, is one which will have to be taken 
by the board of management. In the meantime and for 
simplicity we shall assume that work in spectroscopy alone 
will be required. 

Axial definition for spectroscopic purposes is conveni- 
ently provided by the Cassegrain type of reflecting telescope 
and this is the model followed in all the large modern 
instruments. The main mirror, of 100-inch aperture and 
made presumably of a low-expansion glass, will in this case 
be figured so that any meridian section of the surface is 
a parabola. Such a surface has the characteristic that 
incident parallel light from a star, lying on the axis of the 
telescope, is reflected so as to pass through the focus of the 
parabola with neither spherical nor chromatic observation. 
The ‘point’ image so produced is somewhat inaccessibly 


located above the centre of the mirror at a distance equal | 


to its focal length. In a Cassegrain reflector, however, the 
light is turned back on itself before reaching this point 
by a small convex mirror, the meridian section of its 
surface being a branch of a hyperbola, one focus of which 
lies at the focus of the main mirror while the other focus 
lies at the point where it is desired to place the slit of the 
spectroscope. This combination of the main paraboloid 
and the secondary hyperboloid has, like the paraboloid 
acting alone, the required property of producing a ‘point’ 
image of a star. By a third reflection off a small plane 
mirror this image may be brought to the edge of the tube, 
or by one, two, or three such reflections, depending upon 
the location of the star and the design of the telescope 
mounting, may be brought to a fixed Coudé focus at the 
southern end of the polar axis. 

The difficulty with the Cassegrain system lies not in the 
theory, which is both simple and exact, but in figuring 
two non-spherical surfaces. To get the ‘point’ imagery 
specified by theory both surfaces must at no point depart 
from their theoretical shape by as much as an eighth of a 
wavelength, that is, for example, over the 54 square feet 
of the 100-inch mirror there must be no error greater 
than 1/400,000th of an inch. Apart from the difficulty 
of getting such a high degree of accuracy, the major 
problem lies in knowing when it has been attained. In the 
construction of all existing large mirrors the optician has 
depended in the last stages of his work upon testing with a 
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large fiat, the simplest of surfaces but for a curious reason 
the most difficult and expensive accurately to figure. It 
is at this point that Burch’s null test will be so important, 
since it will reduce the time and therefore the expense 
of figuring the 100-inch mirror by a factor of two or 
three. 

The problems to be solved in the mechanical mounting 
of the telescope can best be envisaged when it is recalled 
that a solid glass mirror of 100-inch aperture will have a 
mass of some four tons. The requirement to be met is that 
the 4-ton mirror and the secondary Cassegrain mirror 
must without mutual displacement be directed at will to 
any part of the sky, and when thus set on a star must 
follow with precision its apparent motion from east to 
west across the sky. To get the required rigidity the moving 
parts of the telescope, bearing in mind the great mass of 
the main mirror, must therefore have a mass of some 100 
tons, while to follow the apparent movement of the star the 
telescope must have one of its two axes parallel to the 
axis of the earth. For the apparent motion of the stars 
from east to west across the sky is the result of the rotation 
of the earth on its axis once in twenty-four hours from west 
to east, so that this motion can be exactly compensated, the 
star remaining motionless in the field of the telescope, by 
driving the latter at the same rate and in the opposite 
direction about its polar axis. The engineering problems 
involved in the construction and drive of so massive a 
mechanism are clearly of the first order, and it is scarcely 
surprising that the large telescopes constructed in Britain at 
the end of the eighteenth and the early part of the nineteenth 
centuries were not mechanically satisfactory. It was left to 
A. A. Common, himself an engineer, to show in 1891 that 
the thrust due to the huge mass of the moving parts of the 
telescope could be largely neutralised by flotation. In his 
design of the 60-inch and 100-inch reflectors at Mount 
Wilson, Ritchey followed Common’s ideas exactly, and 
in these instruments the friction at the bearings is minim- 
ised by relieving the thrust by hollow iron floats in large 
baths of mercury. The mountings of these two telescopes 
have proved satisfactory but have been rendered out of 
date by developments in the construction of large commer- 
cial ball- and roller-bearings. The first large telescope to 
use these bearings as a means of reducing friction was the 
Victoria 72-inch reflector, designed and constructed by the 
Warner and Swasey Company to the specifications of 
J. S. Plaskett. So small is the friction in this instrument 
that a force of 5} lb. weight applied to the end of the tube 
is sufficient to set the 45-ton mass of the moving parts in 
Steady rotation. Since the completion of that telescope in 
1919 all large instruments have been made with ball- and 
roller-bearings until the construction of the great 200-inch 
at Palomar. So massive must be the moving parts of this 
instrument and so great is the load on the bearings that 
any existent balls or rollers would deform so much as to 
produce an intolerable friction. In this instrument, there- 
fore, ball bearings are being replaced by oil-pressure 
bearings. 

In Common’s mounting of his 60-inch reflector the 
telescope was carried in trunnions at the end of a huge 
fork which formed the polar axis. This design was also 
followed by Ritchey in the construction of the Mount 
Wilson 60-inch, but in the 100-inch the prongs of the fork 
were prolonged and united at the north end of the polar 
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axis to provide a second bearing to reduce flexure. The 
100-inch telescope is usually described as having a yoke 
mounting. Both the fork and yoke mountings have 
proved satisfactory in their respective telescopes, though 
the yoke mounting of the Mount Wilson 100-inch has the 
marked disadvantage, in part due to the design but greatly 
exaggerated by the bulky mercury flotation at the north 
end of the polar axis, of not being able to reach any 
stars near the pole. The fork and yoke mountings have 
the further disadvantage, for spectroscopic purposes, 
that in the northern part of the sky the star image can 
only be formed at the Coudé focus by three subsidiary 
reflections off small plane mirrors with a consequent loss 
of light. In the Victoria instrument, and all large reflectors 
subsequently constructed, the polar axis is a single unit 
with bearings at the north and south ends. This axis is 
pierced at right-angles by a second axis, the so-called 
declination axis, which carries the telescope tube proper 
at one end and a massive counterweight at the other. This 
crossed-axis mounting has the advantage not only that 
stars in all parts of the sky may be reached, but also that 
their images may be formed, as in the Texas and Radcliffe 
telescopes, at the fixed Coudé focus by only two subsidiary 
reflections. Naturally, no decision has yet been taken as to 
the form of mounting of the Isaac Newton telescope, but 
informed opinion in the Royal Astronomical Society 
tends to favour a new form of fork mounting, designed by 
the British astronomer, F. J. Hargreaves, which combines 
all the advantages of the crossed-axis mounting and the 
fork mounting, but with none of the disadvantages hitherto 
attendant upon the latter. 

Even when the major form of the design has been 
settled, there will still remain questions of the drive and 
the setting mechanism. Here existing practice varies over 
a wide range. In the older of the large telescopes the drive 
is provided by clock mechanism with a governor working 
as in the stationary steam engine. This has proved entirely 
satisfactory even in an instrument as large as the Mount 
Wilson 100-inch, but modern practice favours a synchron- 
ous-motor drive with the frequency of the input controlled 
by a valve or tuning-fork. This system, which was first 
introduced by McMath of the Detroit Observatory for 
small telescopes, has the advantage of considerable 
flexibility, and is used on the Texas, Radcliffe, and the nearly 
completed 200-inch at Palomar. Equally, the control 
on some large telescopes consists of coarse setting 
mechanism with directly read circles, while on others, 
in particular the Palomar 200-inch, it is a fine-setting, 
remotely read, and controlled system, operated with 
Selsyn motors and servo-mechanisms. Which of these 
mechanisms should be used on the Isaac Newton telescope 
can only be determined as a result of an independent 
assessment of the increased ease and accuracy of the 
Palomar system, as contrasted with its inevitably high 
cost and difficult maintenance. 

Enough has been said to show that the proposed 
100-inch telescope can be successfully used in the British 
climate, and that it may be expected to make possible an 
attack on a great number of research problems, particu- 
larly in the spectroscopic field. A useful life of a great 
many years may, therefore, confidently be anticipated for 
the Isaac Newton telescope. Further, it is clear that the 
optical and mechanical problems involved in building so 
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Scientists look at Traffic Problems 


BRITISH ASSOCIATION CONFERENCE ON LONDON PLAN 





A TWO-DAY Conference on London 
traffic and the London Plan, organised 
by the Engineering Section of the British 
Association, was held in London on 
September 12 and 13. Within a hundred 
yards of Parliament Square, where road 
works were causing one of London’s 
worst traffic jams, experts read papers 
dealing with the problems of London’s 
traffic and the rebuilding of London— 
problems which in essence are facing 
every planning and road authority in the 
country. Papers were presented on traffic, 
town-planning, architecture, roads, rail- 
ways, air transport, sub-surface works 
and underground railways. 

But although problems connected with 
all these cry aloud for scientific examina- 
tion, only two of the papers mentioned 
the need for operational research, and it 
was left to a speaker in the discussion on 
the second day, Colonel Gorman, to give 
a forthright call for a scientific examina- 
tion of such things as spacing of vehicles 
so as to make better use of the existing 
road surface. 

At the end of the conference if the 
audience were not convinced of the 
crowded state above ground they were at 
least left under no illusion about the 
crowded condition of sub-surface London. 
They were told that under one part of 
the road at Notting Hill Gate there were 
eight different water pipes, varying from 
36 inches to 3 inches in diameter, three 


gas mains and several electric and G.P.O. 
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rie —>~ my | 
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cables, while below these are the tubes 
of the Metropolitan and Central railways. 
One of the major difficulties of a road 
engineer appears to be lack of knowledge 
of the whereabouts of many sewers and 
pipes under the surface. To get the 
required information one engineer is 
reported to have confessed that when in 
his burrowings he comes across one of 
the many uncharted sewers and he wants 
to know its origin, he * ‘stops it up and 
waits for complaints.” A speaker said 
that the cost of moving these sub-surface 
utilities appreciates considerably the 
expense of road widening or road im- 
provement. He estimated the cost of 
lowering by ten feet the various gas and 
water pipes and telephone and electric 
cables would be in the region of £200 per 
lineal yard. 

Sir Richard Gregory opened the con- 
ference by saying that the London Plan 
consisted really of three main plans—the 
L.C.C. Plan, the Greater London Plan 
and the City of London Plan. Viewed 
as parts of a whole, these plans may 
be regarded as a broad picture of what 
may be achieved in the next fifty years 
orso. But there still remains the need 
for considerable economic, scientific and 
technical research. Many questions must 
be put and answered before the real work 
can begin in the right order and on the 
right scale. Scientists, especially applied 
scientists, can contribute to this vast 
a and should be consulted to the 
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London's pattern of streets evolved before the advent 


of the motor car. 


The present chaos is only partially 


mitigated by elaborate systems of automatic traffic 


lights, such as the one at Piccadilly Circus. 


(Photo by 


courtesy of Automatic Telephone and Electric Co., Ltd.) 


full; apart from the giving of technical 
advice there is great opportunity here for 
scientific discipline, by which is meant 
experiment and research, the sifting and 
critical examination of evidence, and 
finally the formulating or drawing up of 
conclusions and objectives. 

Lord Latham, leader of the London 
County Council, said the problems of 
London traffic become more acute 
every day and with every additional 
vehicle that comes on the roads—and 
this despite the fact that the population 
of the County of London in March 1946 
was nearly one million less than in mid- 
1939. People are, however, returning to 
London in larger numbers than was 
anticipated. Between March 1945 and 
March 1946 about 600,000 people came 
back to the County of London and nearly 
1,300,000 to the whole of Greater London. 
Moreover, there is evidence that many 
thousands more are only restrained from 
returning by the absence of housing 
accommodation. There is growing traffic 
congestion, delay, discomfort and danger, 
which will increase in the future with the 
inevitable growth of traffic on the roads. 

The London County Council, he said, 
has accepted the proposition that one of 
the major defects of London is an obso- 
lete road system, with its consequent 
traffic congestion. The Council has 
accepted the proposals for, inter alia, ring 
roads, with linking radials, and has settled 
in principle a short-term programme for 
immediate post-war execution, as materials 
and labour (including technical staff) 
become available and conditions other- 


wise permit. The Council is also working | 


upon a second programme to be carried 
out over a longer period. 

It is not possible to give the cost of all 
the schemes under consideration, because 
no estimates have been so far prepared in 
many cases, but it is over £100,000,000 and 
covers a long-term policy of systematic 
improvements. The estimated expendi- 
ture on schemes which may be _ begun 
in the initial period is approximately 
£8,000,000. 


More Road Space Essential 


Sir William Halcrow, President of the 
Engineering Section of the British Associa- 
tion and President-elect of the Institution 
of Civil Engineers, said that more road 
space is absolutely necessary in London if 
traffic is to be adequately served. Private 
cars are being parked in the streets in 
large numbers and occupy valuable 
space which should be available for its 
proper function—the passage of vehicles. 
Pending the construction of new roads and 
car parks, the authorities might be com- 
pelled to prohibit private cars from 
entering or parking within a circle em- 
bracing the heart of London. 

The main problem appears to be where 
to locate the new roads and in doing s0 
an important question is whether the 
roads are to be at present street level, 
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underground or overhead. Congestion 
arises today from the fact that streets 
cross at the same level. The advantages 
of overhead roads appear to be that they 
are easy to construct and that no drainage 
or ventilation is necessary; nor do under- 
ground services have to be removed. 

Sir H. Alker Tripp, Assistant Com- 
missioner of Metropolitan Police, who 
réad the first paper, on ‘Traffic’, blamed 
the ‘horse-and-cart mentality’ for traffic 
chaos and casualties. Our present road 
system is not well designed, the measure 
of its defect being the fact that in the 
ten years before the war more than two 
million people were killed or injured on 
the roads of Great Britain. The town- 
planner must first realise what is causing 
road casualties. Whereas the railways 
provided suitable tracks before high speeds 
were developed, no such provision was 
made for motor traffic. Speeds like those 
of the railway were developed on roads 
built for horse-drawn traffic. The change 
from horse-drawn to motor traffic was a 
revolution, and nothing less than a 
corresponding revolution in roads and 
road use will suffice. 

If modernity is not brought to London, 
the traffic will be brought to a standstill, 
or London must be closed to some classes 
of traffic, for example, private cars. 

Only when pedestrians are ‘exposed’ to 
traffic do they become road casuatlies. If 
pedestrians cannot be withdrawn from a 
traffic artery, then the traffic must be 
withdrawn. Diversion of the main flows 
of traffic from the daily haunts of the 
populace must be made on the largest 
possible scale. It is the horse-and-cart 
mentality that continues to expose pedes- 
trians, quite unnecessarily, to express- 
speed traffic, he commented. 

Professor W. G. Holford, co-author 
with Dr. Holden of *“The New Plan for the 
City of London,” said the total number of 
people employed in transport and dis- 
tribution, as compared with those em- 
ployed in manufacturing industries and 
agriculture, is very high. It is a function 
of town- and  country-planning, by 
correct zoning, by a more balanced 
distribution of industry and commerce, by 
urban redevelopment and the building-up 
of satellites, to reduce travel costs and 
travel time both in Greater London and 
in rural districts. 

Combined research is becoming more 
and more necessary. We need to relate 
the origin and destination census for 
traffic to the social and employment 
Surveys of the places involved: we need 
far more data on the amount of parking 
space required by shops singly and in 
combination. We should have experi- 
mental intersections, lengths of carriage- 
way, bus stops, subways, shelters, etc., 
innormal use for test purposes. We should 
promote improvements in the design of 
Such things as multi-floored garages and 
mechanical car-parking; and we should 
investigate the most suitable treatment 
and use for the interior of roundabouts 
in central areas. 

Mr. W. H. Ansell, the architect, asked 
how the traffic needs are to be computed. 
It is useless taking the superficial course 
of counting the number of vehicles at a 





Revolutionary steps will have to be taken to solve 
London’s traffic problem. Here is a bold clover-leaf 
design which eliminated the congestion where the 
Slussen connects south Stockholm with the old city. 


peak hour on a given road and widening 
the road to fit. The problem must be 
tackled much farther back than that. 

An altered location of badly sited 
industry might result in the volume of 
traffic being so reduced that no road 
widening is necessary. The Bressey report 
of 1938 did approach the problem of 
traffic congestion in the right way by 
exploring origins. The positions of rail- 
way termini and great central markets like 
Billingsgate and Covent Garden pro- 
foundly affect the volume of traffic in all 
the roads leading to and round them. 

Mr. Ansell thought the needs of traffic 
and architecture were at variance at some 
points. The curves of a pavement line, 
admirable for the easy turning of a car, 
are not necessarily the best lines for the 
building frontages at that particular point. 

Mr. A. J. Lyddon, formerly Deputy 
Chief Engineer of the Roads Department, 
Ministry of Transport, said the L.C.C. 
1943 Plan assumes that through traffic 
constitutes a substantial proportion of the 
total traffic of London and that this class 
of traffic is largely responsible for the 
congestion which now exists. This points 
to the need for a census of traffic over the 
whole metropolis on a basis of origin and 
destination as a framework on which to 
justify the consummation of the plan. 
Without some such data it seems difficult 
to assign any proper function to a pro- 
posed new road or to justify an expensive 
improvement. 

Mr. H. F. Cronin, Chief Engineer of 
the Metropolitan Water Board, said that 
one of the commonest causes of traffic 
delays is due to openings in the carriage- 
or footways for the laying, repairing or 
inspection of pipes, cables and sewers. 
The congestion of traffic on the surface 
is equalled by the congestion of pipes, 


cables, manholes and apparatus below the 
ground. The mileage of buried electric 
power cables in the County of London 
probably approaches 10,000 miles, gas 
mains about 4000, hydraulic water pipes 
183, sewers 386, as well as many miles of 
telecommunication channels. In addition 
the Metropolitan Water Board own about 
4000 miles of mains, ranging from 3 
inches up to 48 inches in diameter. 

If the London Plan is put into effect, 
the rise in the standard of living which 
will be accelerated by the rebuilding of the 
slum and other areas will be accompanied 
by demands for greater supplies of 


electricity, gas and water. 


In the discussion, Colonel Mervyn 
QO. Gorman, past Vice-President of the 
Automobile Association, urged that all 
Scientific steps possible should be taken 
for the better utilisation of the road space 
we have already. One of the most 
astounding things to a person who has 
been driven across London, with numer- 
Ous stoppages owing to traffic delays, is 
to see those same roads from the air. 
The roads then look empty. The question 
of spacing between vehicles is very 
important, especially spacing at traffic 
lights. 

Another question that needs looking 
into is the use of the extremely valuable 
space where two roads cross—a space 
which is at least twice as valuable as 
ordinary road space. A measure of the 
excellence of traffic-control machinery is 
to be obtained by a photographic record 
of what happens on that square space 
where the roads cross. If it is palpably 
empty for a long time, clearly the best use 
is not being made of it. There is nothing 
about which we are more ignorant than 
the problems of road traffic. Our safety 
lies entirely in the hands of science. 








Far and Near 








Awards to Inventors 


THE Royal Commission on Awards to 
Inventors has issued a pamphlet contain- 
ing the relevant part of its terms of refer- 
ence, the rules regulating the procedure 
before the Commission and_ general 
instructions for the guidance of intending 
claimants (Stationery Office, 2d.) The 
Commission will not begin its public 
hearings of claims before November 12, 
1946, and a further announcement of the 
times and dates of sittings will be made in 
due course. Details of cases to be heard 
will be published in the Daily Cause list. 
Communications intended for the Com- 
mission should be addressed to the 
Secretary, Royal Commission on Awards 
to Inventors, Somerset House, Strand, 


W.C.2. 


Government Scientific Instruments Com- 
mittee 

THE Government has set up an Inter- 
Departmental Committee on the Scientific 
Instruments Industry to deal with prob- 
lems arising inside the industry. Its address 
is Portland House, Tothill Street, London, 
S.W.1. 


Britain’s Atomic Energy Bill 

THE Atomic Energy Bill comes up before 
Parliament this session, when it is due 
to pass all its stages. Considerable 
lobbying has gone on with the hope of 
modifying certain clauses, in particular 
Clause 11 which deals with security. 


Geological Museum Reopens 

THE Geological Museum, used throughout 
the war as a Civil Defence headquarters, 
reopened on Sepiember 18. Of great 
topical interest are the exhibits illustrating 
the war effort of British geologists, and 
the collections of German _ military 
geological maps and radioactive minerals. 


Night Sky in November 

The Moon.—Full moon occurs on 
November 9d 07h 10m, U.T., and new 
moon on November 23d 17h 24m. The 
following conjunctions take place: 
November 
14d 20h Saturn in con- 

junction with the 


moon, Saturn 4°  S. 
22d 03h Jupiter ,, Jupiter 2° S. 
24d 18h Mars Mars 0-5° S. 


In addition to these conjunctions with 


the moon the following conjunctions 
take place: 
November Id OOh Mercury in con- 


junction with Venus, Mercury 3-2° N.: 
November 6d O8h Venus in conjunction 
with Mars, Venus 5:2° S.; November 15d 
Olh Mercury in conjunction with Mars, 
Mercury I° S. 

The Planets.—Mercury sets at 17h 05m 
on November | and can be seen in the 
western sky after sunset. The planet is in 
inferior conjunction on November 17 and 
is not well placed for observation during 
the remainder of the month. Venus sets a 
few minutes after the sun on Nevember | 


and is in inferior conjunction on Novem- 
ber 17. Attheend of the month the planet 
rises nearly 1h 40m before sunrise and 
can be seen in the eastern sky. Mars and 
Jupiter are too close to the sun for favour- 
able observation. Saturn rises at 22h 25m, 
21h 31m, and 20h 32m at the beginning, 
middle, and end of the month respectively. 
The planet is stationary on November 21. 
The distances of Saturn from the earth 
vary between 843 and 798 million miles 
from November 1 to 30, and the stellar 
magnitude of the planet is 0-4 throughout 
the month. 

Partial Eclipse of the Sun.—There will be 
a partial eclipse of the sun on November 
23, invisible at Greenwich, but visible in 
parts of Canada and the United States. 





Sir Henry Dale, F.R.S., British 
Association’s new president. 


Obituaries 


Sir JAMES JEANS, the astronomer, died at 
Dorking on September 23 at the age of 
69. Well known to the public for such 
books as The Mysterious Universe and The 
Stars in their Courses, he was also active 
in the affairs of the Royal Society, Royal 
Astronomical Society and British Associa- 
tion. Of the last two bodies he had held 
the presidency, and he was secretary of the 
Royal Society from 1919 to 1929. 
PROFESSOR H.C. PLUMMER died at Oxford 
on September 30, aged 70. He was 
Royal Astronomer of Ireland from 1912- 
21, after working in the Clarendon 
Laboratory, Oxford University Observa- 
tory and the Lick Observatory. From 
1921 to 1940 he was mathematics pro- 
fessor at the Military College of Science, 
Woolwich. His most important book was 
An Introductory Treatise on Dynamical 
Astronomy (published in 1918). 

THE death occurred on July 30 of Mr. 
G. H. J. ADLAM, editor of the School 
Science Review for over a quarter of a 
century. 


D.S.1.R. Chairman 


Mr. GEOFFREY HEYWORTH, chairman of 
Lever Bros. and Unilever, Ltd., has 
succeeded Lord Riverdale as chairman of 
the Advisory Council for Scientific and 
Industrial Research. The Lord President 
has appointed PROFESSOR H. W. MELVILLE, 
Professor of Chemistry at Aberdeen 
University, to be a member of the Advisory 
Council, from the same date, in succession 
to Sir Franklin Sibly. 


Welsh Folk Museum 


THE National Museum of Wales has 
acquired St. Fagans Castle from. the 
Ear! of Plymouth and is to develop it as 
a folk museum giving ‘“‘as complete a 
picture of the Welsh past as is possible” 
and a centre for architectural and craft 
education, both visual and instructional. 
£50,000 will be required to launch the 
project, of which one-fifth has already been 
promised by the Pilgrim Trust. 


B.B.C.’s Third Programme 


THE B.B.C. started transmitting its Third 
Programme on September 29 on 2035 
metres (1474 kc/s) and 441-6 metres 
(583 kc/s). “Science Survey’, now 
produced by J. K. Rickard, can be heard 
on the Third Programme on Saturdays, 
and on the Home Programme on Wednes- 
days. 


Science Appointments in British Council 
Mr. H. R. MILLs, M.Sc., A.M.I.E.E., has 
been appointed Assistant Director of the 
Science Department of the British Council. 
Before the war he was principal of the 
Cochin State Government College, which 
is affiliated to Madras University. He 
served during the war with the Royal 
Indian Navy and was engaged in ant 
magnetic mine work and the training of 
electrical officers. In 1943 he was ap- 
pointed Assistant Director of Education 
at Naval Headquarters, India, and Liaison 
Officer with the Director of Admiralty 
Research and Development (India). He 
is the joint author of textbooks on general 
science widely used in Indian schools. 

Dr. Blodwen Lloyd has relinquished her 
post as secretary of the Science Depart- 
ment of the British Council and _ has 
returned to the Royal Technical College, 
Glasgow, where she is Senior Lecturer in 
Bacteriology and Botany. Early in the 
war Dr. Lloyd was seconded to the 
Engineering Department of the Technical 
College at Glasgow as personnel managef 
for the Ministry of Labour Emergency 
Training Scheme, and before joining the 
British Council she became the Ministry's 
Woman-Power Officer for the West of 
Scotland. 

Dr. F. D. Ommaney, who is general 
science editor to the British Council, 1s 
now responsible for editing Monthly 
Science News, the Council’s monthly 
newsheet. Dr. Ommaney has_ done 
biological work for the Discovery Com- 
mittee, and is the author of several books 
including South Latitude and North Cape. 
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British Streptomycin 

Four British firms (with the co-operation 
of the Ministry of Supply, Ministry of 
Health and the Medical Research Council) 
are undertaking pilot-scale production of 
streptomycin. It is hoped to begin 
clinical trials before the end of the year. 

The firms at present concerned are 
Boots, Glaxo Laboratories and the Dis- 
tillers Company (all established penicillin 
manufacturers) and the Heyden Chemical 
Company, who propose to install a factory 
to produce penicillin and streptomycin at 
Ardrossan, Scotland. 

Streptomycin will not be released for 
use by the general medical profession 
until the clinical conditions which respond 
to have it been clearly established. The 
clinical trials of necessity will be pro- 
longed; meanwhile plans for large-scale 
production will proceed. 

The drug, which was discovered and 
developed by U.S. scientists, is already 
undergoing clinical trials in America for 
the treatment of all types of tubercular 
infection, dysentery, typhoid and para- 
typhoid fever and certain types of infec- 
tion of the urinary tract—particularly 
those which do not respond to penicillin 
or sulphonamides. Other diseases which 
may be found responsive to streptomycin 
treatment include influenza meningitis, 
whooping cough and middle-ear diseases. 

A small pilot plant which Boots have 
been operating in Nottingham produces 
2-3 grams a day, barely enough to treat 
one patient. This firm is now setting up 
a £70,000 plant which will provide 
sufficient streptomycin to enable tests to 
be carried out on 25-30 patients. 

Judging from current American figures, 
the cost of three months’ treatment of a T.B. 
patient would be of the order of £3000. 
The agoption of large-scale methods of 
production which would follow if the 
efficacy of streptomycin were established 
would bring the price down sharply. 


SFA Catalogue of Scientific Films 

Last month appeared the Catalogue of 
Films of General Scientific Interest, com- 
piled by the Scientific Film Association 
and published by ASLIB. 

The volume is the first catalogue com- 
piled by the Scientific Film Association, 
the body which was founded three years 
ago with the aim of promoting the pro- 
duction and use of scientific film (in order 
to achieve the widest understanding and 
appreciation of the part which science can 
play in the modern world). A second 
catalogue is in preparation and this will 
provide details about science teaching 
films; others, on industrial and medical 
films, are in the offing. 

The selection of the films for inclusion 
in the catalogue has been done critically; 
most films with little or no value have 
been omitted. Of the 595 films included, 
226 have been appraised and graded; 
synopses also are provided for these films. 
Appraisal has been done systematically 
by special committees; films are graded 
as Recommended, Suitable or Un- 


Suitable for three categories of audience 
—one is thus able to see at a glance the 
value of any particular film for general 
(and 


audiences audiences of mixed 
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Photomicrograph of mycelium and spores of Actinomyces griseus, 


producer of streptomycin. 


scientists), specialised audiences, and for 
adult Teaching or Training Purposes. 
(This system was originally devised by the 
Scientific Film Committee of the Associa- 
tion of Scientific Workers, precursor of 
the SFA.) Where the appraisal repre- 
sents no more than the personal opinion 
of an individual this is indicated in the 
catalogue. 

A typical entry gives the title of the 
film, and shows whether it is available 
on 35 mm. and/or 16 mm., sound or 
silent; the country of origin and _ the 
date; the agencies that sponsored and 
produced the film and the agency that 
distributes it; whether it can be borrowed 
free or hired; the running time. Grading 
is indicated by symbols and a succinct 
synopsis is appended. 

Distributors of scientific films are listed 
and there is a valuable classified subject 
index. An introductory page sets out a 
number of do’s and don’ts that should 
save film borrowers a great deal of trouble. 

The book represents a fine piece of 
compilation which has taken several years 
to complete and it redounds to the credit 
of all those who have given up their spare 
time to contribute to this entirely volun- 
tary effort. We hope that the sale of the 
book will mean a substantial addition to 
the income of the SFA, which has already 
proved that it deserves a grant from the 
Government, the Royal Society or per- 
haps the Nuffield Foundation or Carnegie 
Trust. (In America such a social service 


( x 500 approx.) 


(Boots photograph) 


as the SFA performs would very rapidly 
attract adequate financial support.) 

The catalogue costs Ss. It can be 
obtained direct from the Scientific Film 
Association, 34, Soho Square, London, 
W.1, price 5s. 3d. post free, or from the 
Association of Special Libraries and 
Information Bureaux. 


Oxford Science Exhibition 
THE Oxford Branch of the Association of 
Scientific Workers held its annual exhibi- 
tion on September 21. Sir Robert 
Robinson, president of the Royal Society, 
opened the exhibition which included 22 
exhibits of great interest. The exhibits 
of J. B. Hasted and W. W. Stonard, and of 
J. B. Hasted and F. W. Etheridge were 
adjudged the best; second prize went to 
the blood transfusion exhibit of the 
Radcliffe Infirmary and the Public Health 
Department: third came the exhibit of 
. D. Woods, R. H. Nimmo-Smith and 
I. R. Postgate. 


Smithsonian’s Aid to U.S. Services 


A Fie_p Collector’s Manual of Natural 
History prepared by the Smithsonian 
Institution of Washington and distributed 
in the U.S. Army and Navy appears to 


“have paid handsome dividends in the 


shape of live animals sent by Servicemen 
to the Zoological Park administered by 
the Smithsonian. Numerous zoological 
gifts are listed in the Institution’s latest 
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annual report (1944), the largest single 
contribution coming from a medical unit 
of the U.S. Air Transport Command 
which sent home two monitors, and a 
collection of snakes including cobras, 
kraits, pythons and a Russell’s viper. A 
great many questions confronting the 
Services and war agencies were answered 
during the war by the staff of the Smith- 
sonian, while the Ethnogeographic Board 
which it set up jointly with the National 
Research Council, the American Council 
of Learned Societies and the Social 
Science Research Council served as a 
clearing house for information about the 
peoples, geography and related features of 
war areas. In 1944 Dr. Alexander Wetmore 
took over the duties of Secretary of the 
Institution in succession to Dr. C. G. 
Abbot. 


Tricresyl Phosphate Poisoning 


OUTBREAKS of food poisoning are rare 
enough in this country thanks to the 
system of close inspection of foodstuffs 
that has been built up over the past 30 
years. An illustration of the kind of 
problem with which local health officials 
may be faced at any time is provided by a 
paper in Municipal Engineering (February 
28, 1946), by E. V. Crapper, Chief 
Sanitary Inspector to the Bebington Urban 
District Council. To the public health 
officials is owed a debt that is rarely 
acknowledged. Their work in connexion 
with foodstuffs is generally overlooked, 
though the public soon notices if it is 
done inefficiently. 

In any food poisoning outbreak con- 
firmation of the cause must lead on to 
location of the source, and necessary 
measures at that source to prevent a 
recurrence of the trouble. In this case the 
source was interesting. The owner of a 
small factory in which the repair of used 
barrels and steel drums was carried out 
received many that had contained im- 
ported oils, both edible and non-edible. 
He appears to have been in the habit of 
draining any dregs that might remain in 
such drums as had contained cotton-seed 
and other oils used in the manufacture of 
cooking fats and frying oils, and dis- 
tributing what he collected among his 
friends. Among these was the proprietor 
of a fried-fish shop at Rhuddlan in North 
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exclusive concern of a small group of scientists, and a few 
generous patrons, and has become an activity of vital 
The great scientific achievements 
have become less and less exploits of individuals, and more 
and more the result of planned and organised research, a 
triumph of scientific organisation. The whole problem of 
scientific progress is how to combine the efficiency of 
the creative power 
freedom. Only experience and long trial can supply the 
It is as well to remember that science 
is not a gift which a blind providence bestows on some 
It can grow in all climates 
Well cultivated it develops; 


national importance. 


organisation with 
ideal prescription. 


nations and denies to others. 
but it is slow to take root. 
neglected it dies. 


Printed and published in Great Britain by Jar rold & 


Wales. Unfortunately for some of the 
friends who used some of the oil for 
cooking, and for the customers of the 
fried-fish shop, analysis of a sample of 
the retained oil, which was found in an 
old lubricating-oil tin at the factory, 
showed the presence of tricresyl phosphate, 
a very dangerous poison. 

Three months before what had been 
going on at the factory came to light a 
family of four—the father and three 
daughters—was found to be suffering 
from a distressing form of partial paralysis, 
that was at first suspected to be polio- 
encephalitis. As a result they were 
removed to an isolation hospital. The 
Medical Officer of Health asked Mr. 
Crapper to make an investigation, and 
this was done, but in view of the subse- 
quent diagnosis, food samples taken 
(including fat from a frying-pan) were not 
analysed at the time. The original cases 
remained in hospital, and as the Medical 
Superintendent was not satisfied he 
notified the Ministry of Health, who 
advised that a look-out be kept for 
tricresyl phosphate poisoning. — Inde- 
pendently, and as a result of what he had 
been told by a local resident, another 
doctor had certain samples of cooling oil 
analysed. This was shown to contain 
tri-ortho cresyl phosphate. 

Thus a suspicion was aroused which 
became a certainty when in January 
another family of four was reported 
exhibiting the same symptoms. They 
were questioned by Mr. Crapper, but 
denied having received any oil except from 
their registered retailer. However, samples 
of fat in the house were sent to the Liver- 
pool City Analyst, and the next day 
Mr. Crapper and Dr. Macdonald paid a 
visit to the barrel factory, and despite 
vehement denials the whole sad story 
began to come out. During this day two 
further cases were notified. In all 38 
cases occurred, 12 in Bebington, 5 in other 
places on Merseyside, and 21 in Rhuddlan 
where the oil had been used in the fried fish 
shop. There were also two suspected cases. 

The symptoms of tricresyl phosphate 
poisoning are curious and distressing, and 
its results are probably irreparable. There 
is partial paralysis of the feet and legs, 
so that the sufferer walks with a charac- 
teristic high-stepping gait, throwing the 
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feet forward at each step. There is also 
loss of power of the small muscles of the 
hands, so that the fingers cannot be con- 
trolled or brought together. There is no 
loss of feeling and little pain, but the 
paralysis is permanent once it has occurred, 

This form of poisoning first came to 
light in the early 1900’s following attempts 
to treat tuberculosis of the lungs with 
phospho-creosote. Not much was heard 
of it until 1930, ‘when there was a serious 
outbreak of ‘ginger paralysis’ in Southern 
California, so called because it was 
caused by the contamination of a ginger 
cordial with tricresyl phosphate. There 
were 15,000 cases and ten deaths. Later 
this type of poisoning came to light in 
Europe. 

Considerable detail about this kind of 
poisoning is given in Dr. Donald Hunter’s 
useful book, /ndustrial Toxicology. Tri- 
cresyl phosphate, which is used as a 
plasticiser and for certain other industrial 
purposes, constitutes an industrial health 
hazard; however, one American plant 
that makes thousands of tons of it a day 
has had no casualties even though no 
special precautions have been taken. 


Soviet Science News 

LATEST illustrated booklet issued by Soviet 
News is Soviet Science in the Service of 
the People. The greater part of its 
64 pages is devoted to an account by the 
President of the Soviet Academy of 
Sciences, Academician S. I. Vavilov, of 
the progress of Russian science before 
and after the Revolution and during 
the recent war. The lecture by the late 
Academician Komarov, delivered on the 
occasion of the 220th anniversary cele- 
brations last year, is also included, and 
finally there is a useful list of the scientific 
academies of the various Soviet republics, 
a note about Stalin prizes and the names 
of British and American members of 
the Soviet Acadeny. The booklet costs 
ls. 6d. 

According to Soviet News, Professor 
A. A. Izotov has made a report to the 
Soviet Geographic Society on new deter- 
minations of the size of the earth, in which 
he suggests that the earth is larger by a 
few hundred metres than it has previously 
been held to be. The equator, he says, 
is not a circle but an ellipse. 


ISAAC NEWTON TELESCOPE —Contd. from p. 315 


large an instrument are well within the resources of the 
country, so much so that the resulting instrument may 
well prove a model for large telescopes yet to come. If 
experience be any guide, and making full allowance for 
the improved resources and knowledge at our command, 
it is evident that some five to seven years must elapse 
after authorisation by Parliament before the Isaac Newton 
telescope can be expected to obtain its first stellar spectrum. 
It is to be hoped, therefore, that H. M. Government may 
find it possible to secure this authorisation at an early 
date, so that this vast undertaking may be set in train and 
so that the restoration of British observational astronomy 
to the leading place enjoyed at the beginning of the century 


may not be too long deferred. 
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